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* may be eaſily perceived by the title of 


this work, that it is not offered to the pub- 


lic as a finiſhed piece on the ſubject. To treat 
of the theory and practice of Electricity, in the 
fulleſt manner, would require a larger treatiſe, 
and employ more time than I can devote to 2 
work of this kind. | 


The ſcience of Electricity is now generally ac- 
knowledged to be uſeful and important; and there 
is great reaſon to think, that at a future period 
it will be looked up to as the ſource from 


whence the principles and properties of natural 


philoſophy muſt be derived; its utility to man, 
will not be inferior to its dignity as a ſcience. 
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I have not attempted to trace Electricity fond 
its firſt rude beginnings, or to follow the mind of 
man in its various and irregular wanderings, in 
ſearch of the laws by which it acts, and the ſource 
from whence it is derived, as this has been ſo well 
executed by Dr. Prieſtly. Our view of things 
is ſo circumſcribed, and the myſteries of nature 
ſo profound, chat it is not eaſy for us to deter- 
mine, whether the received theory is founded on 
the baſis of truth, and conformable to nature, or 
whether we ſhall be confidered, by future philo- 
ſophers, as mere children, amuſed, and fatisfied 
with imperfe& opinions and ill digeſted theories. 
When a variety of things is mixed together, 
which have little or no connection, they naturally 
create confuſion. It has been my endeavour, in 
the following eſſay, to collect and arrange, in a 
methodical and conciſe manner, the eſſential parts 
of Electricity, by theſe means to render its appli- 
dation caly, pleaſant, and obvious to. the young 
practitioner; and by bringing together experiments 
of the ſame kind, make them mutually illuſtrate 
. each other, and thus point out the ſtrength, or 
diſcover the weakneſs, of the theories that have 
been deduced from them. T hough the nature 
| and confined limits of my plan did not admit of 


much 
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much variety of obſervation, or a formal enume- 
ration of every particular, yet few things, I hope, 
of uſe and importance, have been omitted. | 


As I do not wiſh to incur the imputation of 
plagiariſm, I with pleaſure acknowledge the af- 
ſiſtance T have received from the different authors 
who have wrote on this ſubject. I have uſed an 
unreſerved freedom, in ſelecting from their works, 
whatever I found to anſwer my . purpoſe, I am 
particularly obliged to Sir Joſeph Banks, for his 
politeneſs in lending me Les Memoires de VAca- 
demie de Berlin for 1780, at a time when I could 
not procure them elſewhere. 


The various interruptions and avocations, from 
which, as a tradeſman, I cannot be exempt, 
will, I hope, induce the reader to make ſome 
| favourable, allowances for any errors which 
he may diſcover, and kindly correct them for 
 hirnſelf, 33% .;! os. 


T beg leave to avail myſelf of this opportunity 
to acquaint the public, that I am now engaged in 
a work deſcribing the mechanical parts of Mathe- 
matical and Philoſophical Learning, and explain- 

Ag oi ing 
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ing the various uſes of the different inſtruments in 
their preſent ſtate of improvement; which, I truſt, 
will greatly tend to facilitate the attainment of 
knowledge, and accelerate its progreſs. For this 
Purpoſe I have been at a conſiderable expence in | 
collecting ſuch materials as may enable me to 
offer to the public ſome eſſays on this ſubject, 
which I hope will not be found unworthy of its 
patronage, and which T mean to publiſh with all 
convenient ſpeed. 


| pedo al 
| TON TE NES 
CH AV 


F Electricity in general | I 
EXPERIMENTS 1, 2. Excited glaſs, or wax, 
attract and repel light bodies A 3 
Electricity defined | 
A definition of excitation : 4 
Electries and non- electries diſtingu ed 2 
Exp. 3, 4. To illuſtrate the definition of conduc- þ 


tors and non-conductors 39014 1997/1 4 
Difference between excited and communicated elec — 
tricity 5 
= | Exp. 5» 6. To ſhew- the een Gomes of elec G 
8 tricity | ct | Wy * 
3 _ | ,- Gatalogue of conducliag nee e 
91 | — ——— Of eleric bodies 41 
Mr. Achard's opinion on the difference between clec- — 
trics and non- electries 11 9 
Lift of electrics, producing different seiten 13 
e on theſe by Mr. ey Ke. 14 
85 Be Of the electrical Ae with directions for ex- 
© citing it Lee 
| | Elec- 
| E Enna 
* 


r . A TED 
! Fon EEO 
EXT 2 . 


** * 


rern 


& 
« 5. F > 
IO * „ 
* 
0 
$ . 


— 
— 


viii „„ SN TT ;$% 
= Page 
Electrical machine deſcribed 17 
Poſitive and negative electricity, how obtained 20 
Cuſhion, on what principle it excites 22 
Exy. 9. The two electric powers produced by the 
breaking a ftick of ſealing wax 27 
—— 10. On the appearances between a negative 
and poſitive conductor | 28 
Exp. 11, 12. Effects of an inſulated cuſhion, and 
Dr. Franklin's theory ng 6 from it 29 
Diſcharging rod deſcribed IC 
Jointed ditto 2 
Univerſa] ditto 32 
Wooden preſs 33 
Kinnerſley's electrical air thermometer 33 
Quadrant electromteter 35 
'T ownthend's electrometer 36 
HI. 
The properties of electrical attraction and repulſion, 
illuſtrated by experiments on light bodies 37 
General properties of attraction and repulſion 38 
Exp. 13. Feather tree . 39 
— 74. Repulſion and attraction of cork balls 40 
— 15. Ditto of thread 41 
— 16. Nollet's hoop and thread 41 
— 16, 17. Dancing images 42 
— 19. A leaf of braſs ſuſpended between two 
metal plates 45 
— 20. A leaf of braſs moving round a ball 45 
— 21. Electrical rope dancer 9 
— 27. Electric fiſh 46 
— 23, Cuculating glaſs ball 46 
— 24. Electrical bells 47 
— 25. Electric ſpheroid 48 
— 26. Electric icather and tube 48 
— 27, Balls and glaſs tumblers 49 
—— 24, 29. The attraction of the difterent pow - 1 
ers 3 electrics 


' 50 - 


CHAP, 


Cc 0 N T ENT 8. xX 
C CHN A P. OMB" 25 os 


Attraction and p en relative tothe 
two ſtates of electricity  —— — xt 
Exe. 30, 31, 32, 33, 34, 35, 36, 37. 38, 39. 
Deſigned to point out the action of the two elee- 
tric powers and their contrariety, &c. "0" 
Exp. 40, 41, 42. On electrical Zones, or the 47 71 
ternate ſtrata of poſitive and negative electricit 56 
43. On the vibratory motion between the 


air and the electric fluid — — 58 
— 44 to 52. On the attraction, repulſion, and 
coheſion of excited ſilk ribbons — 59 
CH. Ar. V. | 
Of the electric FIR N +. -— 
Exp. 53. To take a ſpark | 65 
On the nature and cauſe of the electtic EY „ 
Exp. 51. Luminous ivory ball 2 3 
— 55. Luminous wooden ball Ni 
56, Mr. Hauxſbee's famous experiment 69 
— 57. By Dr: Prieſti ..:.: - - - <2 
— 58, Luminous water di oa i OE 
— 59. Green ſpark. + +... 71 
60. Spiral tube | 555 71 
— 61. Luminous world 72 
— 62, 63. Spark received on points | 72 
— 64. Sparks from an inſulated perſon _** 
— 65. Firing of ſpirits by electricit A 
.—— 66, 67. Phœnomena of geile n Ny 
Piſtol for inflammable air, deſcribed 9 
Exe. 68, Firing the air piſtol | 0 
C HAP. VII. 
Of dectriſied points? MR 
Exe. 69, 70, 71, 72. Lucid appearances of points . 
negatively ve polityely electrified 80 


Exp. 


x” C ON TE N TOS. 
Pa 
Exp. 73, 74. Effects of an excited tube of glaſs on 
the foregoing appearances 82 
— 75. The bending of a flame of Anale 1 
conductors, differently electrifid 83 
— 76. Electrical fly 83 
— 77. Ditto rolling up an inclined plane 84 
78. Ditto crane 84 
Exe. 59. Several flyers 5 84 
On the electric aura | | 84 


Of the Leyden phial 86 
Exp. 80. To agen Gilchaige a Leyden phial 86 
— dr. Electric ſhock 87 
Obſervations on the Leyden phial 88 
Dr. Franklin's theory of ditto go 
Eny. 82. An inſulated bottle will not charge 92 


— 83, 84. As much electricity is thrown off 


from the outſide as is received on the inſide of a 
charged jar 93 


— 85. The electricity transferred from one fide 


of a jar to the other 94 
— 86. Iwo jars poſitively charged, will not ex- 
plode 94 


— 87. Bottles charged with different powers 


will explode into one another 94 
— 88. A bottle diſcharged by negative electricity 94 
— 89. Two bottles charging at Tn ſame time 


with different powers , 95 
— 90. A jar with moveable coatings 95 
—— 91. Spotted bottle | 96 
— 92. Bottle and ſhot 96 
— 93. Bottle with coating only on the infide 97 
—— 94. Bottle and chain 97 
— 95. Double bottle 97 
— 96, 97. Balls electrified 'P the coating and 


knob of a bottle | 99 
| Exp. 


E ne x 

Page 

Few, 98. A cork ball playing between two bottles 100 
— 99. A cork ball playing between the knob of 
a jar and a braſs ball en with the outſide 


coating 100 
— 100. A cork ball between two bottles charged 
with the ſame power 101 
— 101. Afly, &c. turning round 101 
—— 102. Excited pane of glas 101 
Deſcription of an improved apparatus 103 


ExP. 103, 104, 105, 106. On the luminous ap- 
pearances of pointed wires while a jar is charg- 


„ 105 
— 107. Bei pete 7 2.77 107 
— 108. Luminous appearances Loy 
— IC9. . Knob of a bottle and 3 gaſes &. 1 

— 110. Leyden vacuum © 
— 111. Luminous conductor 1 

— 112, Charged jar in a vacuum drr E. 
— 113, 4. Wien a tape cle 1. 
— 115. With a card £20100 4 111 
— 116, With four cork bas "Ir 


— 117, With a painted ea > 2220 ent 
— 118, to 124.  Militate Fenn the weden 


C HAP. VII. 


Of a 8 . 

Exr. 125. Wire made ted hot be 

126. Quire of paper perforated 

127. Magnetiſm communicated 

128, Magnetic polarity Bp e 

129. Wite melted 

130. Wire melted in a tube 

131. Marks J eee, 

132. To melt leaf gold 

133. To break: glaſs 

134. To raiſe weights . 

135. Lateral exploſion deſcribed 
136, 137. On the lateral exploſion 


— — 2 - "_ 9 3 
* 7 . 6 AGB "3, D — — 2 r — 


OY = — 


G r 


143. Priſmatic colours produced 


Dr. Watſon's experiments on the diſtance to which 


the electric ſhock may be conveyed 


xi 

Page 
—— 138. Glaſs tube r wich quickſilver- 129 
— 139. Ditto with water . 129 
— 140. Artificial earthquake 130 
— 141. Wire lengthened 131 
— 142. Shock through water. 


132 


132 


Mr. Volta's remarks on Dr. Watſon's See 133 
An 8 | 137 


K. E. 


On the influence of pointed conductors for build- 


ings 
4 144. Thunder houſe 140 
— 145, 146, 147, 148. Diſcharges, &c. thro' - 
balls and points | 143 
— 149. Moveable bladder 144 
— 150, Locks of cotton 145 
—— 15. Fine threads 145 
—— 152, Pendulous board 146 
Mr. Wilſon's forked apparatus, and experiments 
with it 147 
Obſervations on lightening and conductors 153 
C HAP. X. 
To charge a plate of air ä 164 
Apparatus deſcribed 164 
Exp. 152. _ received from the boards 165 
—1 mitation of lightenin | 16 
— 8 With . the . 8 
— 155. With bran on ditto 168 
—1 156, With candle on one of the boards 169 


CHAP, 


CONTENT s. x 


| Page | 

Of the electrophorous 170 
Exp. 157, to 168. On the electrophorous 177 
— 169. Reſin on the electrophorous 179 
— 170. Electric well 179 
— 171. On ditto 412 4.55 eee 
— 172. Electric can and chain 18 
—— 173. Mr. Ronayne on flannel rolled up 181 
Mr. Volta on imperfect inſulation | 181 

Condenſing apparatus, or micro-eleArometer d 
ſeribed W 182 
To uſe this apparatus 184 


Sparks produced from a diſcharged 1 phial 187 
Ditto, from a machine which gives no eue ſign 


of electricity 188 
Exr. 174. Wich the condenſers 47 
— 175. Wich an electrophorous 3 193 
— 176 to 178. Wich condenſers | 194 


— 179. Io illuſtrate part of the theory 200 


E HAT. ME 


Of atmoſpherical electriciti 205 
Beccaria's apparatus | 206 
Effects of moiſture in the air 5 | 208 
Sign of the weather's clearing up „ 
Fogs electrical 3 | 210 
Diurnal atmoſpherical eleQricity 213 
Electricity of evening der e 
Exe. 180. To uſfrate the dectricity of dew 210 
Obſervations on a kite for electricity and its appa- | 
ratus 217 
Phial to preſerve a charge | 220 
Electrometer for the atmoſphere n 220 
Ditto for rain 5 3 
Portable atmoſpherical electrometer 223 
General laws deduced from the experiments with 
the kite 225 
| Mr. 


* 1 


* 
— 


e RR 
* * ** E * 


N Joni > 


LOR 


dd 


* 1. « G 
— — — — ——ͤk— —  — — a 8 


—— — —— 
* _ 


tr ae 
* * 
I — 


i 


a. — 


7 


ti icity 
Exp. 181. 


— _ 
— 1 6 
e 
1 187. 
Water 
— 188. 
— 189. 
190. 
Wax 
— 191, 


Page 
Mr. Achard on ele&ti cal . 228 
1 of his atmoſpherical electrometer 235 
CHAP. x 
On the diffuſion and ſubdiviſion ve fluids by elec- 
243 
With a capillary pipe | 244 
— 182. With two capillary pipes on b 
electrified with the different powers 245 
— 183. Luminous ſtream of water 24 
Fiery rain why | 
A pail with ſeveral . tubes 246 
Drop of water attracted, &. 246 
Battery diſcharged chrough a drop of | 
| F Ky 247 
With a drop of water 247 
Long ſpark with water | 248 
Fine hlaments procured from ſealing 
| 248 
192. Electrified jet d' eaux 249 


Kanne 


CHAP. 


Of che electric light in vacuo 


XIV; 


Exe. 193. With a tall receiver 250 
An obſervation of Mr. Wilſon 2:1 
Exp. 194. Ta ſhew that electricity is not repul- 
ſive of itſelf 251 
—— 195, 196. EleQric appearances in vacuo 253 
— 197. Flaſk to imitate an aurora borealis 254 
—— 198, Leyden phial in vacuo 254 
— 199. Double barometer 255 
— 200. Green ſpatks in vacuo 25 
CHAP, 


* 


cow rTENTS. 


Page 
Of medical ufig wy ogy ns 
Conſiderations on the importance and univerſal 258 
agency of electricity | 3 
Exp. 201. On a mouſe 24,24 2 
— 202. Shock through different parts of the © 
human bod | | 15 266 
— 203 LleQricity put in action by heat and 
cold | 269 
—— 204. Thermometer raiſed by electricity © 270 
Medical apparatus and its uſe 273 


CHAP. NXVL 


Miſcellaneous experiments and obſeryations 


Exp. 205. Made at the pantheon 282 2 
207. To fire gun-powder 284 

Pyramid deſcribed | 285 
Exr. 208. With camphor on fire 280 

— 209. Cotton fired | 286 

Mr. Volta's inflammable air lamp deſcribed . 286 

ExP, 20. With Mr. Kinnerſley's thermometer 288 

— 211, Oil of tartar chryſtalized *' 289 

— 212. Long ſpark | 290 

21 to 215, On phoſphorous 2090 

— 216, By Mr. Achard | 293 

— 217. Jo perforate a glaſs tube 297 

— 218. Magic picture 299 
— 210. With braſs duſt | £5." 26" ; 
— 220, On ſmoke | CSS 4 300 

— 221. The luminous chain * ooo 

— 222. The luminous diſcharger 7-25 $00 

— 223. The luminous tubes est 302 

— 224. The circulating ball | 303 

Mr. Brooke's electrometer deſcribed 304 


Exp. 225. Colour of vegetable juſce; changed ob 
Experiments on different elaſtic fluids | : 


xvi SET EE MD $ 
Ss RS bak Page 

Of the analogy between heat and eleQricity by Mr. 
E 317 


An ESSAN on MAGNETIS M. 


In which the properties of the magnet are illuſtrated 


dy a variety of curious experiments. ne TIF 
EN 
Ol 
| . - 
| 133 * = 
5 2 

| , TY k 7 2 

3 8 3 


J g * 
: Fo * 
> L 
| by . 
: | Im "ns 
: ' . 
* 4 . a 
. pe a ; 2 , 
„ 
+ 2 7 
7 » * — 0 - * / 
” = the * 
q bg n CY 
3 , Wen 4 
* 


Page 48, I. 9, readhIK. 
- 4g, I. 11, for which, read and, 
69, I. 3, read Hauxſbee. 
69, 1. 8, Ditto, N 
7, 1. 17, for fixed, read fired. 1 ERS 
129, I. 3, for diſploded, read exploded, 2 
244, 1. 26, for phial, read pail. 2 
287, 1. 27, after the reſervoir A dele a. 
304, 1.-13; read the ball in I. | | 
304, I. 15, for fig. 69, read 96. 
316, 1. 14, for needle, read needles, 
325, I. 6, for fig. 98, read 106. 


CONN KURT 
an OI 


4 * 
4 = 7 
* * * = - — x " ” 
E a 8 8 a A Y 
* 3 2 92 
6 a * a * * 
[| 
# 


o N 


ELECTRICITY. 


F 4 Alt — — ** _ "ITY _— _ - WE I" _ pr 


— 
— — 


HAF 
of g in re 1 


T muſt appear ſurpriſing to every 1 
aſter truth, that Electricity, which is now 
F to be one of the principal agents. 
employed in producing the phœnomena of 

nature, ſhould have remained ſo long in obſcu- 

rity; for, comparatively ſ peaking, its exiſtence 


as not known to the ancients. They were not, 8 


indeed, altogether ignorant of the peculiar pro- 
perties of thoſe bodies that we now term electries 
per ſe; neyertheleſs their knowledge was eir- 


2 


cumſcribed, becauſe the mode of acquiring 


it was limited. Very little progreſs, therefore, 
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was made in this branch of natural hiſtory, till 
the happy period arrived, when the philoſopher” 
if was emancipated from the chains of hypothetic 
1 reaſoning, and the uncertainties of vain con- 
Wo / jecture. 5 
i | | The exiſtence of this fubtle, and in moſt ca- 
i fer invifible, power, was then traced, and many 
5 of its properties developed; its agency was diſ- 
I covered to * univerſal, and its extent unli- 
| 5 mited. 5 
| | Electricity be been dignified in a peculiar | 
tl manner, by engaging the attention of the phi- 
loſophic hiftorian ; who has delineated, in a very 
pleaſing manner, the gradual progrefs of its 
| diſcoveries. He has deſcribed the different 
1 theories that have been invented to account for 
its various phœnomena; has communicated to 
the public many valuable experiments of his 
own ; and pointed out the extenſive field ware 
remains to be inveſtigated. 

Since the publication of Dr. Prieſtley's Eis. 
tory, the electrical apparatus has been congde- 
bly augmented, and many new experiments 
have been made. To deſcribe the one, and to 
arrange the other, under ſuch heads as will 

point out the connexion between the experi- 
ments and the received theory of electricity, 
was one of the principal views I had in eom- 

! poſing this eſſay. I alſo wiſhed to put inte the 
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hands of my cuſtemers a tract, which might 
enable them to uſe, with eaſe and ſatisfaction, 
the electrical machines and apparatus Win 1 
recommends: to Dan d #24303 To et 

As electricity is in its infancy, hon. « con- 
ſidered as 4 ſcience, its gefinitions and ax- 
ioms cannot be ſtated with geometrie accuracy. 
I ſhall, therefore, endeavour; to avoid, as much 
as poſſible, the ule of poſitive expreſſion. ; "WH 4 
with to invite the reader to examine the expes, 
riments -himfelf, to compare them one with 
R va med draws = on nes, RR 


* — x : 
J « - , Lo « 4 + CY N fF 


Faria 1. 


Rub 4 a glaſs tube with a piece of _ 
ſilk, preſent light, bodies, as feathers, pith 
balls, &c. to it, they- will be firſt rote, 

arid Om e 217 * 5.110. 


EXPRRIMEN.. U. 


Rub a dry ſtick of ſealing wax, it will firſt, 
attract and afterwards repel thoſe light bodies, 
that are brought near to it. 

The friction in the two preceeding experi- 
ments has put in action an agent, or power, 
Which attracts and repels light deen 3 this; 
power is called Electricity. 0 

A certain quantity or natural ſhare, 5 — — 
electric fluid, is ſuppoſed to be difleminated i ig 
B 2 * 


N 7 
—— 


5 
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f a on our ſenſes; but when, by the powers of 
1 nature or art, this nen is deſtroyed, 
and the body becomes poſſeſſed of more or leſs 
than its natural ſhare, thoſe effects are produced 
which we term electrical, and the Forgot is Plaid 
to be electriſicdqde. 

Any ſubſtance, that is made by friction to 
exhibit electric aan 78 re to be ex- 
cited. 

* Amber, filk, jet, dry wood, alt a variety I 


. pel light bodies; theſe are called electrics. 

Such ſubſtances, as meals, water, &c. the 
friction of which will not produce this power | 
of attraction and repulſion „ are called non- 
electrics. 

When the excited glaſs tube, or flick of . 
ing wax, is in good order, pencils of light will 
dart from them ſpontaneouſly, in a beautiful 
manner, and a ſnapping noiſe will be heard on. 
"me approach of any conductor. 
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ExPaRIMENT | III. 


Let a metallie cylinder be placed upon alk 


near to it, and every part of the metallic cylin- 
9 der will attract and repel light bodies, as forci . 
Bt bly as the excited electric itſelf. 


Ex- 


ann 
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all bodies, in which ſtate it makes no impreſſion 


other ſubſtances, being excited, attract and re- 


: 


lines, or upon glaſs, bring an excited eleftric _ 
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Support a dry glaſs rod on = lines, or 57 
glaſs, bring an excited electric near it, and no 
attraction or repulſion will take place; Norder 


| the electricity cannot be tranſmitted through = 


Thoſe metallic bodies Which poſſeſs the power 
of tranſmitting electricity, are called conductors. 


Thoſe ſubſtances, which are imperyious to elec- 


tricity, are called non-condu@tors. 

A body which communicates with 2 5 
but electrics, is faid to be inſulateeu. 

The moſt important and ſingular effects of 
electricity would have remained in 6bſcurity, 
if this power in ſome bodies, to refiſt the paſſage 
of electricity through their ſubſtances and over 
their pores, had not been diſcovered. Inſtances 
of the truth of this aſſertion nne oc, on rang 
every page of this effay. | : 

We learn, from che 3d and a 400 experiments, 
that the electric powers may be communicated 
to inſulated conducting ſubſtances by excited 
electrics; ; chat theſe will then attract and repel 
light bodies, &c. ſimilar to the electric itſelf; with 
this difference only, that a conductor, whigh has 


received electricity, parts with it at once, when it 


is touched by another conductor that commu- 


nicates with the carth; „5 whereas the excited 
B 3 1922 "4 * 


* 


— 


= "LF N ESS Ar 2 


electric, under the 2 cireurſiances, only 
1 2 A FO 
al 


loſes its Ry Partially 


. rey 
7 " + *# ' . * 


no bor eg wi 2 og 

Dp ery bly 1 
Electify, with excited glaſs or [IEG 3 

a two inſulated cork; balls, ſuſpended. by lines, 
about 6 inches long, and the balls an ers 


Ram and repel each other. 


« 4 Lt 4 


Exprn e. 4 a 1 1 * 
go Electrify one ball wich 4 he oh with 
* wax, and they will be we attract 
ed. ; 1 ay 
Theſe: two raps 2 ee diſtin 
effects in the attractive and .xepulfive powers of 
electricity, were diſcovereq at an early. PRIOR, 
of the hiſtory, of this ſcience. |, | wr + {4 
The electric power produced by the * 
tion of glaſs is called pofitive electricity, and 
the power produced by the excitation of ſealing 
wax is called negative electricity. This differs, 
ence was at firſt thought to depend on the elec- 
tric, and that the ty: kinds of electricities 
were eſſentially diſtinct.; but, it is now 
known, that each of. theſe, Powerg may be pro- 
duced from e cen of cs glals; or 
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rafteriſtics in electric akkus, engaged PA. 
EE | 


ON ELECTRO ITT. 
loſphers in an experimental enquiry into che 
electric properties of moſt bodies, to aſeertain 
whether they poſſeſſed the poſitive or negative 
powers. By this means the eatalogue of electrie 
bodies, which originally was very ſmall; is now 
rendered exceedingly extenſive, as will be ſeen by 
the following tables, which are taken from 
Dr. Prieſtley's Hiſtory and Mr. n Gant 
poke Treatiſe of- Electricity. 2283181 adio 


CarAleur of croſs Frey ' 
* fy Stony ſubſtan ces. 
e ſubſtances in general conduct oy wel 


Sr dry and warm. 11:99. h 
- Lime-ſtone and lime [juſt N are abus 
dress conductor. Ack zsttt old 


Marbles conduct eonßderabiy a than i 
dane, and there is found very little Uiffers - 
ence among any of the ſpecimens of marble 
that have been tried. 

A large piece of white ſpar with 2 g of 
blue and ſemi-tranſparent, will hardly: conduct 
in the leaſt degree: pretty ſtrong ſparks map bo 
taken from the prime menen e 1s in 


contact with it. ; ar... 


A piece of agate, em pellacld aendbes 
the electric ſpark into its ſubſtance; though 
it will paſs over about three quarters of 
an oſs of its ſurface to reach the finger chat 
2 B 4 holds 
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ener 
holds 50 and it diſcharges the battery but 
 Nowly.” © 5 

A piece of ſlate, tuch as is Ak uſed | 
to write on, is a much better conductor than à 
piece of free-ſtone, which conducts but poorly. 
_ Touch-ftone conducts pretty well. 

A piece of gypſum and plaiſter of Paris con · 
duct very well, only the latter having a 
ſmoother ſurface takes a ſtronger ſpark. 

A piece of aſbeſt from Scotland, juſt as it is 
taken from its bed, will not conduct. While 
in contact with the conductor, ſparks may be 
taken at the diſtance of half an inch with a mo- 
derate electrification. 

A piece of Spaniſh chalk RF mach 
like marble 

A piece of Egyptian granite conducts con. 
derably beiter than free-ſtone. 5 


. Saline bodies, 


Oil of vitriol conduRts very well. 

The metallic ſalts in OPS n . 
than any neutrals. 

Vitriol of copper and af: iron condutt; very 
well, though they will not tranſmit a ſhock.  ; 


» + 


- Salt-petre does not conduct ſo well as ſal- 
ammoniac. If the electric exploſion paſſes 
over its ſurface, it diſperſes into a great num. 

2.48 ber 
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ber of fragments, in all e eee Na e 
ſiderable violence. 

volatile ſal· ammoniac gives a ſimall en | 

Rock- ſalt conducts, but not quite ſo well as 
allum; the electrie Gn pot it is Ae 8 
red. 10009 ne 

e el Nek lar 12 aum in 
is conducting powers, but will not take the 
leaſt ſenſible ſpark ; ſo that it ſeems made up 
of an infinite number of the fineſt points. ; 

Salenitic ſalts conduct but poorly. 

Buy allum the exploſion is attended with a 
oe OE Tue, like that of a g 1 


3˙ Inflammable bodies. 2 0% 
A piece of pyrites, of a black colour, takes 
ſparks at a conſiderable diſtance from the prime 
conductor, like ole of the inferior pieces of 
charcoal. | 
ier piece of pyrites, which has FRE 
part of a regular ſphere, conſiſting of a ſhining 
metallic matter, will not conduct near ſo well, 
though much better than any other ſtony ſub- 
ſtance, It is a Wed berwixt a ſtone and 
an ore. 5 
Black- lead in a pencil conducts a ock ſeem- 
Ren like metal or charcoal, A ſmall lump of 
it takes as full and ſtrong a G f from the 
peter conductor as a braſs knob, 2 
ef 4 | 4+ Metals 
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203 ien 64% Metals and ores. FEY : 4 
ſe piece of gold ore from Mexico'is hardly 


to be attac in this reſpoſ from the me- 


tal /itfelf. 
A piece of as ore from Potofi, e 


mixed with pyrites, conducts very well. 


Two pieces of copper ore, onè the moſt va- 


tuable that is known, : and another of only 
half the value, are hardly to be diſtinguiſhed 
from one another in their conducting power. 
Lapis-hæmatites conducts pretty well. 
Black- ſand from the coaſt of Africa, which 
is 2 good iron ore, and part of which is affected 
by the magnet as much as ſteel filings, is found 


to conduct electricity, but not a ſhock. Sepa- 
tating with the magnet all that will be eaſily 


attracted by it, it conducts a ſhock very well; 
the reſt would hardly conduct at all. 0 
Even the ores in which the metal is mineral- 


- ized/with ſulphur or arſenic, as the ores of lead, 


tin, and cinnabar, the ore of quickfilver, are 
little inferior to gold and ſilver ore. 

Ores that contain nothing but the earth of 
the metal, conduct electricity little better than 
other ſtones. | 


-Lead, Has iron, braſs, copper, ſilver, and gold 


5. Fluids. 
- The fluids of an animal body. 


All fluids, excepting air and oils. 
. | The 


„ 
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The efffovia ef flamipg bodies: 
Snow, ſmoke, the vapour of hot 1 the 
vacuum EDS by an ait its ON rc. 
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Amber, jet, pitch and ſulphur ;- likewile. all 
I precious ſtones, as diamonds, rubies, „garnets, 
topazes, hyacinths chryſolites, ener ſa- 
Phires, amethyſts, opals, and eſpecially tort: 
malins::,, all, reſins and - refinous compounds, 
wax, flk, cotta 3 all dry. animal ſubſtances, 
as feathers, wool, hair,, paper, &. White 
ſugar, air, oil, chocolate, Ag ee 
vegetables, &c. . 75 

The real and intrinſic pa hm 
electrics and non · electrics, remain among the; 
eleric defiderata. ; for, nothing, more, is aſoery. 
tained, than, that the conducting power, in. 
ſome meaſure, depends upon, or is governed 
by heat, Glaſs, reſin, and many other articles, 
are made conductors by heat; While on. the 
contrary, cold, if nat attended with. ae 
renders every electric ſubſtance more electric. 

Mr, Achard, of Berlin, bas, publiſhed, * 
Rozier's Journal de Phyfique,, a very ingenious 
paper on this, ſubject; in which he proves, by 
experiment, 1ſt, That certain circumſtances wilt, 
cauſe a, body. to conduct electricity which before 


was 


— 


C7 


* 
* —_— — N 
—— — —— — * ” * PW ? 
3 Cad 2 — - — 
_—,, ä 
2 — 049e jp — 
* 


SP: wh 
as — 


„ ES 


—— — — — PO. —— — get 
. 1 
1 2 
2 


3 —— 1 * 5 


—— — — 
22 


£1. 4 


4 


— — 
r 


I 2 


Pe 
o "4 
2 
#4 

2 
” 
*. 
1 


a W 5 
0 4 
ay Lo. RE MOV p< 


PT OT —¾ 
4 . 54 0m ens — 


| 
| 
: 
| 
| 


N Nn 
a tan. „ 


mo 
gn erg 
* 


8 id 
2 — r 
— ered awe nt 
2 2 3 . 
— — —  — — 
4, ary I 


=. Vo-- 
ep nt ar 


vm A171 ANAKESSAW GC 


was a non-condudtor. 2d. That theſe circumſtan- 
ces are the degrees of heat to which this body 
is ſubjected. He endeavours to ſhew, that the 


principal changes which take place in any ſub- 


ſtance from an inereaſe of heat are an augmenta- 
tion in the ſize of its pores, and an increaſe of ve- 
| tocity in the igneous particles contained in, and 


acting on, that body. He then proves, that the 


laſt circumſtance does not occaſion the alteration 


in the electric properties; and infers; agreeable 
to the ſyſtem of Mr. Euler, that the principal 
difference between conductors and non- conduct- 
ors of electricity conſiſts in the ſize of the Pore 
of the conſtituent parts of the body. 

In another intereſting paper, which is pub- 
liſhed in the Memoirs of the Academy of Ber- 


lin for 1779, Mr. Achard has ſhewn the 
analogy between the production and effects of 


electricity and heat; and alſo, between that 


property in bodies by which they conduct the 


electrical fluid, and that which renders them 


ſuſceptible of heat. He gives an account of a 
new inſtrument, adapted to aſcertain the quan- 
tity of the electrical fluid which is conducted 
by bodies of different e eg in wa 


ſame circumſtahces. 


By means of khis inftrument it is « poſſible | 
to aſcertain, with great accuracy, the quantity 


of ae a body loſes in a given time, by 
touching 


* 
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touching another body that is not eleQrified. 
He has not yet favoured the public with an 
account of the experiments he has made with 
it; only ſays „ that he has conſtantly ob- 
ſerved, that thoſe bodies which loſe and re- 
ceive with difficulty their preſent degree of 
heat, receive alſo, and loſe with difficulty, their 
electricity. A deſcription of the inſtrument 
will be given. in this eflay. | 


A liſt of electric lten, and of the dif- 
ferent electricities produced by them. 


Every (ubltance with which 
The back of a cat 1 Poſitive 1 it has been hitherto tried. 


£57 23% Every ſubſtance | hitherto 
Smooth glaſs Poltive - tried. except the back of 


à cat. : 
e 1.0, be ON 
Rough glaſs Wo Woollen cloth,quills, woody 
; Negative | paper, ſealing-wax, white 
wax, the human hand, _ 
ig Poſitive } Amber, air. 
Tourmalis . f 
OP Negative 3 Diamond, human hand, 
| Metals, filk, loadſtone, 
$3 * 51 he Pofitive leather, hand, paper, 
Hare's Kin | baked wood. . 


Negati ve Lorber finer tara TE 


v i. e. By blowing with a pair of bellows upon it. By 
this means many electries may be excited, and ſome bettet 
if the air blown is hot, although, in both caſet, very little: 
dectrieity can be obtained. ; 

1 | 


| | NAK BS A 
1 
3 ; | 8 
9 5 0 ny : reis $ Mack tk metals, black 
1 ite fi *% 
| N We 1 5 3 hand, bairs, weaſel's 
11 
— 55 Poiive | 5 Sealing w wax. 
i | Black filk Hare's, weazel's, hed fer- 
[101 l Negire | ret's ſkins, loadſtone, 
1 - ee ver, iron, hand. 
| 0 Poſitive Metals - 
[il Sealing Wax beer JOY and fer- 
1 Far ret's ſkins, hand, leather, 
ai 
0 | 1 cloth, paper, 
U 15 
Whit 2 Poſitive Js. 
1 Baked wood." 5 
| | | | aye { Flannel, 
— 1 x 12 
4 
1 | er eircumſtances, apparently trifling, vil 
14 o ccaſion an alteration in theſe contrary electrici - 
vw ties. It has been ſaid, that of two equal ſub- 
Fill | ſtances rubbed rogether, that which ſuffers the 
„ 
14 greateſt friction, or is moſt heated, acquires 
11 [ the negative electricity. Though this in many 
11 ' _ . eaſes holds true, with reſpect to ſilk ribbons, 


Jil yet Mr. Bergman ſays, that if the ribbon A be 
vl black, it will never become poſitive, unleſs B be 
black likewiſe; With pieces of glaſs the effect 
. is contrary; for, if they are both equal, the 
piece A, which is drawn acroſs the piece B, 
becomes negative; and B, which ſuffers the 
greateſt friction, becomes poſitive. Heating 
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17 by fire Produces the ſame effect as the greater 
1% friction. 
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ON ELECTRICITY. iy. 
friction. If one piece of glaſs be thicker than 
the other, the former becomes poſitive, the 
latter negative. Coloured glaſs, even When 
heated, becomes negative, if rubbed with com- 
mon white glaſs. If a piece of blue glaſs is 
rubbed againſt a green one, the blue plaſs be- 
comes ſtrongly. Pofitive, e. —— Denen 
Swediſh Tran. 1763. 

- The electricities produced by'k hair and glaſs 
rubbed together ſeem to balance each other, 
and are lierefore different according to the man 
ner of rubbing and the quality of the hair. 

Hair of a living animal, or hair newly cut, 
when rubbed with a glaſs tube lengthways, is 
poſitive ; and here, the glaſs, which ſuffers the 
greateſt friction, is negative. Bur if the glaſs 
tube be drawn acroſs the animal's back, or 
acroſs a ſkain of hair newly cut, the glaſs be- 
comes poſitive. Old dry hair, rubbed on glaſs 
or on living hair, always becomes negative ; 
but, if the hair is a little greaſed with tallow, 
the ſame effect is produced as with living hair. 
Wilke Swed. Tranſ. 1769. 

Electrics differ from each other with reſpect 
to the facility with which they are excited, 
their force when excited, and the power with 
which they retain the effects of * excita- 
tion. ; 


Silk 
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li Silk ſeems 3 to any other eleQic 

i | en for exhibiting a permanent and . 
1 attractive and repulſive power. b 
we Glaſs appears to have the advantage in ex- 
e bibiting the electric light, attraction and repul- 


ſion in quick ſucceſſion, in a very vigorous 
though not a durable manner. 

Negative electrics, as amber, gum- lac, ſul- 
phur, reſin, and all reſinous ſubſtances, exhi- 
1 bit the electric appearances for the greateſt 
engt of time. A ſingle excitation is ſuffici- 
n ent to make them do ſo for many weeks, in 
favourable circumſtances. They are alſo re- 


N markable for the ſtrong electric powers which 
11 they communicate to conducting bodies that 
BUY come in contact with them; and which they 
$47) will continue to communicate for a conſiderable 

Th | : S if 
{il time. 
*: 
1:8 
14 > 
Wil : 
I'S | | | N , 
i} 1 > F 
10 | 
16 | | 
n * 3 - 


ON ELECTRICITY. 17 


Ar, u. 


Of the Electrical Machine ; with Direction 
fore exciting it. 


A ſoon as the properties of electricity were 
in ſome meaſure developed, the philoſo- 
pher and the artiſt concurred in contriving and 
executing a variety of machines to excite and. 
accumulate this extraordinary agent. The 
greater part of theſe have been laid aſide, in 
proportion as the ſcience advanced, and its 
boundaries were extended. I ſhall, therefore, 
only deſcribe that electrical machine which is 
now in general uſe, whoſe conſtruction is ſims. 
ple, and well adapted to produce the electric 
fluid in great quantities, and to tranſmit it 
in full and continued ſtreams to the prime con- 
ductor. 

Fig. 1 and 2, Plate I, repreſent. two electri- 
cal machines made on the moſt approved con- 
ſtruction, They are both mounted and uſed in 
the ſame manner, and differ anly- in the me- 
chaniſm by which the cylinder is put in mo- 
tion. $5 

The kar" ha of fig. 2 is turned round 1 
means of the two wheels a b, cd, which act 
on each other by a catgut band, part of which 
is ſeen at e and f ; that of the machine repre- 


& ſented 


* 
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ſented in fig. 1, is put in motion by a ſimple 
winch, which is leſs complicated than the 
other, and is not liable to be out of order. 
Many practical electricians, however, prefer a 
machine which is moved by a multiply- 
ing wheel! They think chat it fatigues the 
qperator leſs than that which is moved by a 
fimple winch; and further, that a moderate in- 
creaſe of velocity in the cylinder augments the 
momentum of the electric fluid, and produces a 
greater quantity of it in the fame time, which 
prevents its being abſorbed by the cuſhion. 
As the two machines, which are repreſented 
in fig. 1 and 2, plate I, are nearly fimilar, the 
fame letters of reference are uſed in ms 
them. | 
Fig. 1 and 2. A BC repreſents the 5 
board of the machine, the two perpendicular 
fupports D, E, which fuſtain or carry the glaſs 
cylinder F G fa I, are firmly fixed to the board 
ABC; the axis by which the cylinder is 
moved is fixed into two caps, which are macte, 
ſometimes of braſs, and ſometimes of wood; 
one is cemented on each end of the cylinder. 
K, fig. 1 and 2, repreſents one of theſe caps. 
The axis of the cap K paſſes through the ſup- 
port D; on the extremity of this axis a ſimple 
winch is fitted, as in fig. 1, or a pulley, as in 
fig. 2. The axis of the other cap tuns in at 
5: yy ſmall 
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ſmall hole which is fitted into the top of the 
' ſupport E. OP is the glaſs pillar to which 
the cuſhion is fixed, T a braſs ſcrew at the bot- 
tom of this pillar, which is to regulate the 
preſſure of the cuſhion againſt the cylinder; 
gh i a piece of filk that comes from the under 
edge of the cuſhion and paſſes over the cylin- 
der till it almoſt touches the collecting points 
of the conductor. Near the top of the glaſs 
pillar OP is an arm of wood, to ſupport a con- 
ductor connected with the cuſhion;- which is 
called a negative conductor. In both figures ' 
this is ſuppoſed to be fixed cloſe to the cuſhion, 
and to lyc parallel to the glaſs cylinder. In 
fig. 1 it is brought forwards, or placed too near 
the handle, in order that more of it may be in 
light, as at RS; in fig, 2, the end RS only 
is ſeen. 

V2, fig. 1 and 2, repreſents the raitre 
prime conductor, or that which takes the elee⸗ 
tric fluid immediately from the cylinder, L MR 
che glaſs pillar by which it is ſupported = 
inſulated, and VX a Hin foot or baſe for 
the glaſs pillar, In fig. 1, this conductor is 
placed in a direction parallel to the glaſs 
cylinder; in fig. 2 it ſtands at right angles 
to the cylinder; it may be placed in either 
poſition occaſionally, as 1s 18 2 convenient to 
dhe operator. 7 AJOY: Ell 518 
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If the negative conductor is required to be 
placed at right angles to the cylinder, and pa- 
rallel to the conductor Y Z, fig. 2, it muſt 
be fixed on an inſulating ſtand, and be connect- 

ed with the cuſhion by a wire, which Pome | 
under the cylinder. 


EXPERIMENT VII. 


Put the machine in action, connect . cu 
ſhion by a chain with the ground, and thoſe 
bodies which communicate with the poſitive 
conductor will be electriſied poſitively. Con- 
nett che poſitive conductor with the earth by 2 
i chain, take off the chain from the cuſhion, 
| and thoſe bodies which communicate with the 

negative conductor will be electrified nega- 
tively. 

The principal parts of an electrical machine 
are, 1ſt. The electric, as the glaſs cylinder. 
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che axes which work 1 in the wooden. ſupports 
2 5 D and 
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[ P 2d. Thoſe mechanical contrivances by which 
Wi - ene cylinder is put in motion. 
N | 5 zd. The cuſhion and its appendages. 
1 , - 4th. The two prune conductors. 
|| ph Before the electrical machine is put in mo- 
1 tion, examine thoſe parts of it which are lia - 
0 ble to be injured by friction, or by dirt or 
1 grit between the rubbing ſurfaces, particularly 
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D and E, likewiſe the axes of the large wheel e d, 
fig. 2. When the cuſhion is taken off, the ey - 
linder ſhould move exceedingly free. If, on 
turning it round, . any grating or diſagreeable 
noiſe is heard, diſcover the place from whence 
it ariſes, wipe it clean, and then rub over it a 
{mall quantity of tallow. Examine, in the 
ſame manner, the axis of the large wheel cd, 
fig. 2. Put a drop of oil occaſionally. ta the 
axis of the. cylinder ; examine the ſcrews that 
belong to the frame ar cylinder, and if they 
are looſe tighten them. 

Wipe the glaſs cylinder carefully, to free it 
from that moiſture which glaſs attracts from 
the air; be particularly attentive to leave none 

on the ends of the cylinder, becauſe any damp 
that remains on theſe will convey the electri- | 
city from the cylinder to the ſupports, &c. 

Take care that no duſt, looſe threads, or any 
filaments adhere ta the cylinder, its frame, the 
conductors, or their inſulating pillars ; becauſe 
theſe will gradually diſſipate the electric fluid, 
and prevent the machine from acting power- 
fully. 

Rub the glaſs cylinder firſt with a clean, 25 
coarſe, dry, warm cloth, or a piece of waſh 
leather, and then with a piece of dry, warm, 
ſoft ſilk; do the ſame to all the glaſs inſulating 
pillars of the machine and apparatus z theſe pil, - 
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from the cuſhion, and thoſe bodies which are 


- moſt powerful manner, thoſe machines which 
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lars muſt be rubbed more ligbtly than the 
cylinder; becauſe rey are varniſhed. 

' A heated iron 1s ſometimes placed on the 
foot of the conductor, to evaporate the moiſture 
which would injure the experiments. 

In order to find out an effectual mode of ex- 
citing powerfully an electrical machine, it is 
neceſſary to frame an idea of the mechaniſm by 
which the cylinder extracts the electric fluid 


connected with it; I have, therefore, ſubjoined 
thoſe conjectures on which I have worked, and 
by which I have been able to excite, in the 


have paſſed through my hands. 

It appears to me, that the reſiſtance of the 
air is leſſened, or a kind of vacuum is produ- 
ced, where the cuſhion is in cloſe contact with 
the cylinder. The electric matter, agreeable 
to the law obſerved by all other elaſtic fluids, 
is preſſed towards that part where it finds leaſt 
reſiſtance; the ſame inſtant, therefore, that the 
cylinder is ſeparated ſrom the cuſhion, the fire 
iſſues forth in abundance. The more perfect 
the continuity is made, and the quicker the ſo- 
lution of it, the greater is the quantity which 
will proceed from the cuſhion, But, as the 
fluid in this fituation will enter with avidity 
every conducting ſubſtance that is near it, if 

any 
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any amalgama lies above that part of the cu- 
ſhion which is in contact with the cylinder, it 
will abſorb and carry back part of the electric 
fire to the reſervoir from whence it was ex- 
tracted. 
- If theſe conjectures be true, to excite ap 
electrical machine effectually, we muſt, | 

iſt. Find out thoſe parts of the cuſhion which 
are preſſed by the glaſs cylinder. 

2d. Apply 'the — only to be 
parts. 

zd. Make the line of contact between the 
cylinder and cuſhion as perfect as poſſible. 

4th. Prevent the fire that is collected from 

eſcaping. 

About the year 1772 I applied a looſe flap of 
leather to the front of the cuſhion ; the amalga- 
ma was ſpread over the whole of the flap ; the 
cuſhion was then put in its place, and the looſe 
flap of leather doubled down, or rather turned 
in, more or leſs, till by ſucceſſive experiments 
the fituation was diſcovered which produced 
the greateſt effect; for, by this means, the 
quantity of amalgama acting againſt the cy- 
linder was leſſened. I was naturally led to 
contract the breadth of the cuſhion, and place 
it in ſuch manner that it might be eaſily raiſed 
or lowered. | i 40 51 
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The advantages gained by this method were 


conſiderably improved by a very ingenious 
Gentleman. He glued a bit of leather on a 


large piece of cork, and placed his amalgama 
on the leather; with this he rubbed that zone 
of the glaſs cylinder which bears againſt the 
cuſhion. By this excellent contrivance, the 
line of contact between the eylinder and cuſhion 
is rendered very perfect, the ſmaller pores of 
the glaſs are filled with the amalgama, and the 
ſuperfluous parts of it are depoſited on the cur 
ſhion. 

Becearia fuggeſts, that the amalgama thus 


. depoſited on the ſurface of the glaſs forms a 
continued ſeries of conduCting particles, which 


carry the fire to the prime conductor, and, 
under certain oircumſtances, back apain to the 


| cuſhi 10N, 


Another ingenious electrician aſcertains the 
line of contact, formed between the cylinder 
and cuſhion, by placing a line of whiting, 
which had been previouſly diffolved in ſpirits of 
wine, on the cylinder : on turning the cylinder 
this whiting is depoſited on the cuſhion, and 
marks the places which bear againſt the cylinder; 
the amalgama is to be placed only on thoſe parts 
which are marked by the whiting. 

Either of theſe modes will ſucceed. If 3 
firft is uſed, no amalgama is to be placed on 

the 
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the cuſhion; that which is rubbed into the 
cylinder, and depoſited by it on the cuſhion 
in its revolutions, will produce an aſtoniſhing 
quantity of fire. In either method, when the 
cylinder is rubbed with the amalgamated lea- 
ther, that part of the oil, or black filk, which 
lies above the cuſhian, is to be turned back, 
and if, by accident, any particles of amalga- 
ma ſtick to it, they muſt be wiped off carefully. 

If the electricity of the cylinder grows leſs 
powerful, it is eaſily renewed by turning back 
the filk which lies over it, and then rubbing 
the cylinder with the amalgamated leather. 

A very ſmall quantity of tallow placed over 
the amalgama, is obſerved to give more force 
to the electric powers of the cylinder. 


EXPERIMENT VIII. 


When the cylinder is put into good action; 
a number of eircular lines of fire will iſſue from 
the cuſhion ; preſent a row of metallic points 
towards theſe, and they will diſappear. The 
conducting ſubſtance collects the electric fluid 
before it can take thoſe appearances, or be diſſi. 
pated into the air, | 

Hence we learn, that to prevent a loſs of the 


electric fluid which is excited, we muſt pre- 


vent the air from acting on the fluid, which is 
put in motion by the excitation; for the air 
| B's 


f oth © | > W 4% * * © - Wu * + ; 
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not only reſiſts the emiſſion of the fluid, but 
alſo diſſipates what is collected by means of 
the conducting ſubſtances, i are continu- 
ally floating in it. 

I Theſe ends are effectually inflecred by bats 
a non-conducting ſubſtance proceed from the 
line of contact to the collecting points of the 
prime conductor, and placing theſe points 

1 within its atmoſphere, When no amal- 

1 "F108 gama is put on the cuſhion, a plain piece 
of black filk, or one lightly impregnated with 

1 bees-wax, fixed to the under edge of the 

Wi | cuſhion, and (proceeding from thence to the 

| 1 5 collecting points of the conductor, will anſwer 

| | exceeding well. It the amalgama is placed on 
the cuſhion, a piece of oil'd-filk ſeems to anſwer 


i the beſt. 
ll! I was informed, by an ingenious friend, that 
2. + Be 
N he had for many years uſed a piece of black 


; ſilk, which was impregnated from one end to 
N the other with amalgama, in which a ſmall 

quantity of bees-wax had been mixed; this he 
rubbed into the filk with a piece of ſponge. 
If the force of the machine diminiſhed while it 
was in uſe, he refreſhed it by. holding an amal- 
gamated ſponge againſt the cylinder when it 
was revolving. , 

It is often very advantageous to > dry the oil'd 


or black filk before the: machine is uſed. 
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The operator ought not to think his machine 

in good order till it pours forth the fire in 
great abundance, and ſtrong denſe © ſparks 
are obtained in quick ſucceſſion from the 
conductor. When the conductor is removed, 
the fire ſhould ſparkle round the cylinder, and 
throw out many beautiful bruſhes of light, . _ _ 
: 2&0 kinds of amalgama are much in requeſt 
at preſent. One is made of quickſilver five 
parts, zink one part, melted together with a 
ſmall quantity of bees-wax : the other is the 
aurum mufiyum of the ſhops, I find it diffi- 
cult, after many trials, to ny which of theſe 
act the beſt. 

The following experiment ſeems to illuſtrate 
and confirm the foregoing: conjectures on the 
mechaniſm by which the fluid is extracted 
from the cuſhion, and the bodies connected 
with it, A 


EXPERIMENT IX. 


- Break a ſtick of ſealing-wax in two pieces 3 
thoſe extremities that were-contiguous will be 
found electrified with contrary powers; one will 

be poſitively, the other negatively, electrified, 

_ Every electrical machine ought to be fur- 
niſhed with an inſulated cuſhion and two prime 
conductors, one for poſitive, the other for ne- 
gative electricity; as, by theſe, uy h x electri- 
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city is produced at pleaſure, a greater number of 
Experiments may be performed, and the proper- 


ties of the electric fluid more eaſily explained. 


ExXPERIMENT X. 


Connect the poſitive conductor by a chain 
with the table; turn the cylinder, and the 
cuſhion will be found to be negatively electri- 
fied. Take the chain off from the poſitive 
conductor, and both will exhibit ſigns of elec- 
tricity ; but any electrified body which is at- 
tracted by the one, will be repelled by the 


- other. If they are brought ſufficiently near to 


each other, ſparks will paſs between them, and 
they will a& on each other ſtronger than on 
other bodies. If they are connected together, 
the electricity of the one will deſtroy that of 
the other; for, though it ſeems to proceed 
from the cuſhion to the conductor, the two, 
when thus conjoined, will exhibit no ſigns of 
electricity, becauſe the fire is continually cir- 
culating from one to the other, and is kept 
always in the ſame ſtate. 

We ſee, by this experiment, that electric 
appearances are produced both in the electric 


, Which is excited, and the ſubſtance by which it is 


excited, provided that ſubſtance be inſulated z 
but their electric powers are directly reverſe of 
Pos, | e 4 
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400 other, and may be ee 85 op- 
pofite effects. Irs 


Exyzniuent XI. 


If the cuſhion and the conductor are both 
inſulated, it is obſerved, that the leſs electric 


fluid is obtained, the more en the inſulation | 


1s made, 


The moiſture which is at all times anon 


in the air, together with the ſmall points, from 
which it is impoſſible totally to free the cuſhion, 
do not permit it to be perfectly inſulated, fo as 
to afford no e of en matter to the 
cuſhion. ' > / 
I the air, and other pitis * 4 83 


are very dry, little or no electricity will be 


produced in the eee — 
en 5502. 111 
From chis nen it is inferred, Pg the 
electric powers do not exiſt in the electrics 
themſelves, but are produced from the earth by 
the excitation of ele&rics ;- or, that the electric 
matter on the prime conductor is not produced 
by the friction of the cylinder againſt the 
cuſhion, but is collected by that operation from 
it, and from thoſe bodies which are mmm 
with it. 


As Dr. Franklin ſcems to > have fuggefied s : 


Ke vrſt, that che electric d 13 collected 
444 from 


* 
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from the earth, I have ſubjoined his own ac- 

count of the experiment which led bim to this 
concluſion. 
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Let one perſon ſtand on wax and rub a glaſs 
tube, and let another perſon on wax take the 
1 fire from the firſt, they will both of them (pro- 

1 vided they do not ſtand ſo near as to touch 
bi each other) appear to be electrified to a perſon 
5 ſtanding on the floor; that is, he will perceive 
242 ſpark on approaching either of them with his 
| knuckle: 2. But if the perſons on wax touch 
1 WL... one another during the excitation of the tube, 
| neither of them will appear to be electrified. 
3 If they touch one another after the exciting 
5 the tube, and draw the fire as aforeſaid, there 
WG will be a ſtronger ſpark between thetn than was 
1 between either of them, and the perſon on the 
| floor. 4. After ſuch a ſtrong ſpark neither of 
| them diſcover any electricity. 

| "Theſe appearances he accounts for cine: : he 
| | applies the electric fire is a common element, 
Wi of which each of the three perſons has his 
| 


——— — 


” — 
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| equal ſhare before any operation is begun with 
„ the tube. A, who ſtands upon wax and rubs 
| the tube, collects the electrical fire from him- 
| | ſelf into the glaſs, and his communication with 
; the common ſtock being cut off by the wax, 
$30 his 
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his body is not again immediately ſupplied. By 


who alſo ſtands upon wax; paſſing his knuckle 


along the tube, receives the fire which was col- 
lected from A, and being inſulated he'retains 
this additional quantity. To C both appear 
electriſied; for he, having only the middle 
quantity of electrical fire, receives a ſpark" on 
approaching B, who has an over quantity, but 
gives one to A, who has an under quantity. 
If A and B approach to touch each other, the 
ſpark is ſtronger, becauſe the difference between 
them is greater. After this touch there is no 


ſpark between either of them and C, becauſe the 


electrical fluid in all is reduced to the original 
equality. If they touch while electrifying the 
equality is never deſtroyed, the fire is only 
circulating : hence we ſay, that Bi Is cleQrificd 
nnn A de e 


4 deſeription of ſeme parts of the eleftrical 


of paratus, which could not be regularly 


introduced in the body of the work. 


© Fig. r, Plate II, repreſents a common diſ- 
charging rod; it is generally made of brafs 
wire, with a ball at each of its ends. To difs 
charge a leaden bottle with it, hold che ſemi» 
circular part in the hand, place one ball of 
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phial, then bring the other to toueh the knob of 


the wire which communicates with the inſide, 
when an exploſion will enſue, and the phial will 
be diſcharged. | | 

Fig. 2, Plate II, is a jointed diſcharging 100 


with a glaſs handle, the legs of which may be 
moved and ſet to any given diſtance from each 
other by means of the joint C; the extremities 


of the legs are pointed, the points enter into 32. 


the balls a b, which ſcrew on the lege add-- * 


from - which they may be unſcrewed at Plea- 
ſure; ſo that either the balls or the points wok 
be uſed; as occaſion requires. 
Fig. 3, Plate II, repreſents the anjvengh * 
diſcharger ; an inſtrument which is of very ex- 


tenſive uſe in forming communications to di- 


rect or convey the electric ſhock through any 
part of a given ſubſtance. Many examples et 


the utility of this inſtrument will occur in the 


courſe of this eſſay.. When goed: diſ- 


charger is made on a large ſcale, it is ſuperior 


to any apparatus hitherto contrived to enable a 


perſon to electrify himſelf, AB, fig. 3, pl. II, 
is the wooden baſe of this inſtrument; on this 


are fixed two perpendicular glaſs pillars c d', 


on the top of each of theſe is cemented a braſs 
cap, to which is fitted a double joint, or one 
which has both a vertical and horizontal mo- 


tion; on the top of each joint is a ſpring; tube, 


which 
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which receive the wires, ET, EF; theſe wires 
may be ſet at various diſtances from each other, 
and turned in any direction; the extremities of 
the wires are painted, the points are covered 
occaſionally by the braſs balls, which are made 


to fit on the wires by ſpring ſockets. GH is a 


ſmall wooden table, on the ſurface of which a 
lip of ivory is inlaid : this table 1 is furniſhed 
with a cylindrical ſtem, which fits into a cayity 
of the pillar I; it may be raiſed occafionally to 


vartous heights, and fixed at any one of them 
by the ſcrew K. 


Fig. 4, Plate U, is a little wooden preſs, for- 


niſhed with a ſtem, which fits the cavity in- the 
pillar I, Fig. 3, into which i it is to be placed 
occaſionally, when the table GH is removed, 


The preſs conſiſts of two boards, which are 
btonght cloſe to each other by means of the 


{crews aa. 2 ST ; 
Fig. 5, Plate II, is Mr: Kinnerſly's electri- 
cal air thermometer; a b is 2 glaſs tube, on 
each end of which a braſs cap is cemented ; ed 
is a ſmall glaſs tube, open at both ends, which 
paſſes through the upper, and deſcends nearly 
to the under plate; a box ſcale, whieh is di- 
vided i into inches and tenths of inches, is fitted 
to the upper part of this tube; g is a braſs 
wire with a ball on it, which is ſcrewed to the 
; vader plate, a ſimilar wire is made to paſs 
e 1 through 
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chrough a collar of leathers on the upper plate; 
and may be placed at any convenient diſtance 


from the lower wire. | | 
Electricians have long wiſhed for an inſtru- 


ment which would aſcertain, in an exact and 


invariable manner, the degree of electricity 
excited when any experiment is made: For this 
purpoſe a great many contrivances have been 
propoſed and exeeuted, which, upon trial, are, 
all found to be very defective- 

Mr. Achard, who has conſidered the ſub- 
ject with attention, ſays, that an electrometer 
ought to have the following properties : 

1. That it ſhould be fimple in its conſtruc- 
tion, and not compoſed of many parts. 

2. It ſhould not be affected by the variations 
of the atmoſphere: . 

3. That it ſhould indicate finall as well as 
large degrees of electricity. 

4. Not be adjuſted to any fixed meaſure, * | 

5. The electric power ſhould be expreſſed 
by a fixed and invariable force, as chat oe * 
vity. 

6. That the obſerver be enabled to read off 
the diviſions at a diſtance, which will prevent 
his weakening the influence of the electrio 


Powers. 
This gentleman has publiſhed a very 1 


. 4325 on. ache nature and properties of electrome , 


ters, P 
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ters, which meat to have introduced in this place 
if I had not been informed that he had made fil} 
further improvements on the ſubject which he 
deſigned to communicate to the pubſc.” | | 

Plate II, Fig?” 6, repreſents the quadtant 
electrometer, the moſt uſeful inftromehp of the 
kind yet diſoovered, as well for meaſuring 
the degree of electricity of any body, as to aſ- 
certain the quantity of à charge before an ex- 
ploſion; and to diſcover the exact time the 
electricity of a jar changes, when, without 
making an exploſion; it is diſcharged by giving 
it 4 quantity of the contrary electricity. The 
pilfar L M is generally made ef wood, the 
graduated arch NOP of ivory, the rod RS 
is made of very light wood,” with a pith ball 
at the extremity; it turns upon the center of 
the ſemicircle, ſo as always to keep near its" 
futface ; the extremity of the ſtem LM may 
either be fltted to the conductor of, the knob of 
2 jar. When the apparatus is ele&rified, the 
rod is repelled by the ſtem, and moves along 
the graduated arch of the ſemicircle, fo as to 
mark the degree to which the conductor is elec- 
trified; or the height to which the charge of 
the jar is advanced. 

Beccaria recommends fixing the index be- 
tween two ſemicircles, becauſe when it is 
Fw over one only, the electricity of this re- 
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pels and counteracts the motion of the index: 
Other improvements and variations have been 
made in this inſtrument, which will be de- 
ſcribed hereafter: | 

Plate II, Fig: 9, is an clefircmerer which was 
contrived many years ſinte by Mr. Townſend, 
to aſcertain the real force of the electric explo- 
ſion. a b is a ſmall ivory plate, c a looſe cone 
of ivory to be placed on the plate ab, efg a 
circle which turns freely on two centers, an arm, 
d, of wood proceeds from this circle and lyes 
on the cone of ivory. The diſcharge is made 
to paſs under the cone which throws up the arm 
d, the elevation of which is marked by the 
index h; a piece of filk ſtring is fixed at one 
end to the bottom board at i, and paſſes 
over the wheel, a weight Kk is tied to the other 
end to regulate the friction of the circle efg. 
Fig 8 is an inſulating ſtool; the feet are of 
glaſs. When it is uſed, the inſulation will be 
rendered more perfect by placing a ſheet of Pas 
per well dried under the feet of the ſtool. 
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The Properties of Electric Attraction and 


| Repuljon, illuſtrated by. Experiments on 
light Bodies. 


ATURAL philoſophers were originally 

incited to conſider the nature of electri- 
city from its ſtrong, attractive and repulſive 
pqwers. The phœnomena exhibited, by thoſe 
myſterious properties are ſo various and ſo 
pleaſing, that they were led, as by enchant 
ment, to purſue the ſubject; and have been 
richly rewarded by the diſcoveries, Wien are 
hath ingereſting and important. 

The powers of Genius have been 2 
with induſtrious ardour to inveſtigate the cauſes 
of thoſe properties; but, we are ſorry to own, 
they ſtill remain involved in deep. obſcurity, 
and we are ſtill totally ignorant of that 
mechaniſm by which light bodies, when elec- 
trified, approach or recede from each other. 

To enter into a diſcuſſion of the difficulties 
which perplex this. ſubject, would lead me too 
far from the deſign of this eſſay; I ſhall, there- 
fore, proceed to ſtate thoſe general properties, 
ar make of action which are Wei in er 
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trie attraction and repulſion, and then deſcribe 
the experiments from which thoſe propertiey 
have been deduced, or by which they are 
illuſtrated. | 


* 


General Properties of Electrical Altration 
and Repu] —_ 


The electric fluid, when in action, dif- 
poſes or places light bodies in ſuch manner as 


will beſt facilitate its tranſmiſſion through them, 


with the greateſt velocity; and this in propor-: 
tion to the gravity of the body, its —— 
_—_— and the ſtate of the air, 
Bodies chat are elearified poſitively repel 

eh other. 

3. Bodies electrified negatively om” each 
other, 

4. Bodies electrified by contrary powers at- 


tract each other ſtrongly, 


5. Bodies that are electriſied, attract thoſe 


| ſubſtances which are not electrified, 


6. Thoſe ſubſtances that are brought within: 
the influence of electriſied bodies, become poſ- 
ſeſſed of a contrary cleftricity ; ; or, electrified 
ſubſtances, without parting wich their own 


electricity, act upon other bodies i in their neigh- 


_ bourhood, producing in them an electricity 


which is contrary to their own ; or, badies 
which 


1 
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which are immerged in an electric atmoſphere, , 
always become poſſeſſed of a contrary electricity 
to that of the body in wha atmoſphere they 
are immerged. | 


= Bine XIII. 


* 
A 


Fix the end A of the wire AB, Fig. 10, 
in the ſmall hole which is at the end of the 
prime conductor; turn the cylinder, and the fea- 
thers, which are connected with the wire by 
linen threads, will ſeparate from each other; 
the fibrous and downy parts will become tur- 
id, and expand in a pleaſing manner, in a 
variety of directions. | 
' Preſent a metallic point, the finger, or any 
other conducting ſubſtance to the feathers, the 
downy parts thereof will immediately collapſe, 
the divergence of the. feathers will ceaſe, and 
they will approach each other, and cling 
round the non- electric body. 
The feathers ſeparate from each other, and 
tend towards unelectrified bodies, from the 
effort made by the electricity which is commu- > 
nicated to them to diffuſe itſelf, and the refiſt- 3 


ance. it meets with from the air. 
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V EXPERIMENT XIV. 


Fix the end C of the wire CD, fig: 11, inte 
the hole at the end of the conductor, put the 
machine in action, and the two ſmall balls cd 
will recede from each other. Bring a conduct- 
ing ſubſtance within the ſphere of their action, 
and they will fly towards it; touch the con- 
ductor with a non- electric, and they will imme- 
diately come together. 

The balls do not always verge ſo much as 
might be expected from the action of their at- 
moſphere, becauſe they are influenced by that 
of the conductor. . 

The balls, or feathers, will ſeparate, &e ! in 
the ſame manner, if they are annexed to a ne- 
 gative conductor. A 


ExrrRIMENT XV. 


Preſent a fine thread towards an electriſied 
conductor; ; when it is at a proper diſtance it wall 
fly towards and ſtick to the conductor, and 
convey the electric fluid from it to the hand : 


remove the chread to a ſmall diſtance from the 
conductor, and it will fly backwards and for- 
wards with great velocity, and in a very pleaſ- 
ing manner; preſent the ſame thread towards 
one that hangs from the conductor, they wil 


attract 


ON ELECTRTOIT T. ar 
| attract and join each other. Bring a non- 
electric body, as a braſs ball, near theſe threads, 
the ball will repel that held by the hand, and 
attract that which is affixed to the conductor * 
the upper thread renders the braſs ball nega- 
tive, and therefore goes towards it; ; while. the 
under thread, which is alſo negative, is re- 
pelled. Let the ball be brought near to the 
lower part of the under one, and it will be 
attracted by it. The junction of the threads 
ariſes from the effort the electric fluid makes 
to diffuſe itſelf u them. 4 


EXPERIMENT XVI. 


To the edge of the braſs, hoop b c d, fig. 12, 
are faſtened, at equal diſtances from each 
other, ſix or ſeven pieces of thread, about 
four inches long; a wire proceeds from the 
hoop which fits into a cavity in the pillar 
D ; Ze, is a braſs wire, to one end of 
which are faſtened ſeveral. ſmall pieces of 
thread ; fit the plain end of the wire into the 
hole at the end of the conductor, place the 
hoop bed at right angles to the wire ze, and 
directly over the threads at the end 2; turn 
the cylinder, and the threads tied to the hoop | 
will be attracted by. thoſe which are faſtened 
to the wire Ze, and will point towards each 

other 
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other as ſo many radii of a circle. The elec: 
trie fluid paſſes from the threads of the wire 
into thoſe of the hoop, and thus occaſions the 
ſeeming attraction between them, * Ar 

Place the hoop bed on an inſulating ſtand, 
and when it is ſaturated with the electric _ 


ter, the threads which are tied to it will be 


repelled by thoſe of the wire; touch the hoop, 
and they will be again attracted, If the hand 
is brought near the threads, they will quit 
their central direction and move towards it. 


The ends of the threads appear luminous in 
the dark. 


EXPERIMENT X VII. 


Suſpend the ſmall metal plate F, fig. 1 3z 
to the conductor by the hook H; place the 
ſtand I directly under it, and the large 
plate G on the top of the ſtand; the upper 
part of the ſtand 1 is moveable, ſo that the 
diſtance of the two plates from each other 


may be occafionally varied, Lay ſmall paper 


images, or any other light ſubſtances, on the 
under plate, then put the machine i in action, 
and the light bodies will be attracted and 


repelled by each plate, and move from 
. one plate to the other with confiderable ve 


loci ty. 


The 


- The light bodies placed on the under plate 
become poſſeſſed of an electricity which is 
contrary to that of the upper plate, and are 
therefore attracted by it, and acquire the ſame 
electricity with it; they are then repelled, and 
part with this electricity to the ſtand, and are 
again in a proper ſtate to be attracted by the 


upper plate. That theſe bodies cannot be at- 


tracted by the. upper plate till they have ac- 
quired a power contrary to it, or till the equili- 
prium of the fluid in them is diſturbed, will be 
evident from the . experiment. 


EXPERIMENT xvm. 


| Remove the under plate and ſtand, hold 


in its ſtead, by one corner, a: pane of glaſs, 
which has previouſly been made very clean 


and dry; now, as glaſs does not tranſmit 
electricity, no contrariety in the electric ſtates 


of the conductor and the light ſubſtances can 


be occafioned, and therefore no attraction or 


repulſion is obſerved. 00 
If a finger is preſented to the under fide of 


the glaſs plate, the light bodies will be at- 
tracted and repelled ; the cauſe of this will | 
be ſeen when the nature of the Leyden phial is. 


explained. 
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un r ESSAY 
Mr. Feles,* ſpeaking of this alternate at⸗ 


traction and repulſion, ſays, they may be 


agreeably varied, by wetting firſt the head of 


the paper images, and when theſe are dry, wet- 
| ting the feet. 


0 When you dry the Aint: mn one of thoſe 
ce jmages, the power thrown out from the con- 
ee ductor cannot enter the image with the ſame 


« facility with which the contrary power from 


ce the table enters at the feet, which are not ſo 
&* dry ; this will therefore aſcend to the upper 
« plate and remain there. Reverſe the experi- 
tc ment, dry the feet and wet the head, and 
ce the images will fix themſelves tę the lower 
« plate. If the image retains ſo much more of 
cc the attracted power as will balance againſt i its 
<< weight, than there is of the contrary power 
<< which proceeds from the conductor, the 
ad image will be ale dN the two 
te plates.” 
This may be effected by aid the head 
« of the image broad and round, which does. 
te not admit the power coming out ſo readily. 
« as the feet, being ſharp, admit the power 
oing in; a minute alteration will make the 
images dance or remain fixed to one we the, 


plates... 


_— 


£44 


5 Philoſophical Eſſays. Preface, page 25. 
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ExPrRIMENT.. XIX. 


the under plate, hold this parallel to the upper 
one, at about five or ſix inches from it, turn 
the machine, and the leaf will then riſe u * 
into a vertical ſituation, and remain between 
the two plates without touching either of them 
Preſent a metal point towards the leaf, and it 


Will immediately Wal down. . 


ExyriingENT . 


Place a braſs ball at K, 88 14s at + — 85 


of the conductor, and when the leaf of braſs is 
ſuſ pended between the plate and ball, move 
the plate round the ball, and the leaf will alſo 
mqve round without touching either ball or 
plate. 


A glaſs * 1s W placed 1 5 
tween the two metal plates F G, fig. 13, 
to prevent bran, ſand, or other right aps 


ſtances 1 W 


3 | XXI. 


Place two wires directly under, and parallel 
to, each other, ſuſpend one from the con- 
ductor, let the other communicate with the 
e ; à light image placed between theſe will, 

when 


place a ſquare piece of leaf braſs or nn 


in. | when the conductor is electrified, appear like 2 
f kind of TER ET” Ip hg: I 56 
| 


e eee 4 nk" 4 


Cut a piece of leaf braſs; with an obtuſe 
„ angle at one end; and a very acute one at the 
I. other, preſent the large end towards an electri- 
| * Hed Conductor, and when the leaf braſs i 


D AN ESSAY | 
. 


' {4 within its atmoſphere let it go, it will then fix 
1 Itſelf to the conductor by the apex of its obtuſe 
WW! angle, and, from its continual wavering mo- 
tion, will appear to be animated. 
The next experiment requires conſiderable 
attention to make it fucceed; as à fmall differ? 
1 ence in the apparatus; or in the force of the 
Wo, machine, &c. will make it fail; when it an 
M ſwers, it generally affords pleaſure to, and ex 
M cites admiration. in the . 


N bs Er IAAvA XXIII. 


„ Fix the ring N O P, fig: 16, to the ch of 
1 the conductor, place the plate G, fig. 12, on its 
ſtand I under it; and at a little diſtance from it, 
put a very light hollow glaſs ball upon the 
plate but within the ring, turn the cylinder, 

and the fittle ball will deſcribe an orbit about 

the ring, and turn at the fame time about its 
own 
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dyn axis; the "ies of its rotation are neatly | 
at right angles to the plane 23 its an OY 5 


ESpzaiMant xxl 


Fig: 17 repreſents a ſmall ſer: of bells, the 
two exterior ones are'conneCted ts the wire VV 
by a braſs chain, the middle bell _ * 1 

pers are ſuſpended on ſi le 
Hang the bells on the conductor by the hook 
RS, let the chain from the middle bell touch 


the thibley turn the cylinder, and the elappers 


will fly continually from bell to bell as pans as 
the electricity continues: 


The braſs chain, which as the tween: ! 


terior bells to the conductor, conveys the elec- 
tric fluid to them, which attracts the clappers ; 
theſe, when they have received the electric 
fluid, are repelled by the exterior bell; and at- 
trated by the middle one, on Which they de- 
poſit their electricity; they are then again at- 
tracted and repelled by the outer bells. Hold 
up, by a fk thread, the chain X, which proc 
teeds from the middle bell, and the ringing will 


ceaſe, becauſe it cannot convey the electrie 
fluid communicated * che clappets to the 


ground. 


Fig. 18 repreſents a more elegant form of 


mounting the bells: When this is uſed, the 
x FI knob 
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1 hae: commiunicate. with -the- con« 


_ 19 eee ee e kind. In this 
the clapper is ſuſpended from the fly be d, the 
axis of the fly reſts in a ſmall hole on the top 


of the glaſs pillar ef; the upper part of the 
atis moves freely in, and is ſupported by, a 


hole in the braſs piece g. Bells of different 
tones are placed round the board hI R. Re- 


move the prime conductor, and place this appa- 


ratus in its ſtead near the cylinder, when this is 


in action, it wilt cauſe the fly to turn round, the 


elapper will ſtrike each bell in rotation, and 


thus produce a pleaſing and harmonious ſound. 


EXPERIMENT XXV. 


Take 10 or 12 pieces of thread, each about 


ten inches long, tie them together at the top 
and the bottom, as in fig. 20, then ſuſpend 
them from the conductor; the threads, when 
electrified, endeavour to recede from each other, 


the repulſion of the thread increaſes, will form 
en into a ſpheroidal figure. 


EXPERIMENT XXV. 


Bring a downy feather or lock of cotton raf 
the end of an excited tube, or the knob of 4 
cad * 


and the knot at the bottom riſing upwards as 


* 


- ON ELECTRICITY. 6 
charged Leyden phial, the feather will at firſt, 
fly towards the tube,; but when it is ſaturated. 
with the electric matter, it will recede from it, 
and may be ariden about che rom by the ex⸗ 
cited tube till it touches ſome nog: conductor 
to which it can impatt its electricity. The 
ſame ſide of the feather is always turned to- 
wards the tube; becauſe, the electricity ae 
quired by the feather, is forced by the action of 
the tube to that ſide which is fuchaſt n * 
which is therefore repelled, ot at 

It is eaſy to perceive, from this Mor + * Found 
going experiments, that it is not the mere mat- 
ter which is attracted, but that the different 
phoenomena are occafioned by the ſtate of the | 
electrio fluid, in thoſe ſubſtances which are 
influenced by the machine, | 


Ex#+#1uznt XXVII. 


Put à pointed wire into one of the holes 
which are at the end of the ConduRtor, hold a glaſs 
tumbler over the point, then electrify the con- 
ductor, and turn the tumbler round, that the 
whole interior ſurface may reserve the fluid 
from the point, place a few pith balls on the 
table, and cover them with this glaſs tumbler, 
the balls will immediately begin to leap up and 

74 I. dowg 
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down as if they were animated, and. will-con- 
tinue to move for a long time. See fig. 21 
85 This experiment may be agrerably varied 
with two tumblers. EleQrify the inſide of one 
pofitively, of the other negatively; put the 
bills in one tumbler; and then bring the mouths' 
of both in contact, the Balls will paſs from one 
to the other, till ene en, * 
7 deftreyed. r k 
An dedtric Fibitaice! ecthioedibermecis pa 
rallel ſurfaces, however dee a my an 
. 0-139 e et 99725 6 
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OY * will attract thoſe Which 
are not electrified, although z a thin electric plate 
be interpoſed between them. 


EXPERIMENT: XkIx. 


Bodies electrified with contrary powers at- 
tract each other ſtrongly, although an electric 
plate i is WTR between them. 5 
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are fimple, eaſily performed, and certain 
in their reſults; and, though they may at firſt 
fight appear to be triff ing, yet, on an attenfive 
examination, they will he found of confiderable 
importance, as they afford a clue to inveſtigate 
and explain a variety of electrie phenomena, 
and exhibit; in a ſtrong point of view, ſome of 
the contrary effects of negative and n 
electricity. 

Theſe experiments may all be made with 4 
ſmall and portable apparatus 3 conſiſting gene- 
tally of two braſs tubes, as A and B, fig. 22; 
each of theſe is ſupported on a glaſs pillar G, 
which ſcrews into a Wooden foot H, à pair of 
ſmall pith balls ſuſpended on linen threads, as 
J, K, fit upon each tube by means of a ſmall 
braſs ring ; theſe tubes, with a piece of ſeali 
wax or a glaſs tube, are ſufficient to illuſtratè 
the greater part of the experiments in this 
chapter, as well as ſome of the principal 2 5 
nomena in electricity. 
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The apparatus will be rendered more com- 
1 by the addition of two more braſs tubes 
with their ſtands, a ſmall Leyden phial, and 
2 piece of yarniſhed filk. _ 

Mr. Wilſon, in a maſterly tract on this ſubjeck, 
entitled; A ſhort View of Electricity,“ has, 
with a fimilar apparatus, explained and il- 
luſtrated all its ee me, 951 


291 * ; { a, 1 


3 un XXX. 


Touch a pair of inſulated pith balls with s an 
excited glaſs tube, they will become electriſied, 

and will ſeparate from each other ; the balls are 
electriſied poſitively, and are therefore attract- 

ed by excited wax, and * by excited 
glaſs. 


8 


6 


" Exyeniment XXI. 


Hold an excited glaſs tube over one of the 
bak tubes, but at ſome diſtanee from it, part 
of the natural quantity of electricity contained 
in the braſs tube will be driven into the pith 
balls that are annexed to it, by the excited glaſs, 
the balls will diverge with Poſitive electricity; 
remove the excited glaſs, the balls will then 
return to their natural ſtate and cloſe, 
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Erd menen XXXII. 


| Elefrify the pith balls that are ſuſpended 
"Hes the braſs tube. A, fig. 27, then bring the 
end of this tube in contact with the end of the 
tube B, the balls of which are un- electriſied; 
the ſtock of electricity given tothe tube A will be 
equally divided between each pair of balls, 
thoſe of the tube B will open, and thoſe of A 
will cloſe a little. 


ExPERIMNILNT XXXH. 


Electrify the tubes A and B, fig. 27, equally 
and with the ſame power, put the ends of the 
tubes together, and the Wee of the hols | 
will not be altered. 


ExPERIMENT XXXIV. IE 


Electrify che tubes equally, but with the dif- 
ferent powers, one with glaſs, the other with 
wax, bring the ends of the tubes in Nr 
and the balls will cloſe. 

We learn from theſe experiments, chat the 
poſitive and negative powers counteract each 
other; whence, if both are applied at the ſame 
time to any body, the electrieity it acquires will 
be only the difference of the two, and conſe- 
quently that of ne Is gy rn 
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Ex 2 I MENT. - KNNV: | 


Hold an excited glaſs tube to one of the braſs 
tubes, touching this tube at-the ſame time with 
your finger, part of the natural quantity of the 
electrical fluid reſident in it will be forced by 
the excited glaſs tube into the finger, remove 
at the ſame inſtant the finger and glaſs, * the 
balls will remain negatively JeArified, BY 


Ex ra ; M ENT XXXVI. 


Place the braſs tubes, A and B, fig. 22 „ in 
a ſtrait line with their ends in contact, hold the 
excited glaſs over the tube A, part of the elec- 
tric fluid naturally reſident in this will be driven 
into B; ſeparate the tubes, the balls of A will be 


negative, and thoſe of * will 6 in a Fafehne 
ſtate, 155 


_  "Exyxximent XX XVII 
Inſulate a, long metallic rod, ſuſpend a pair 
of pith balls from each end of it, place one of 
the ends at about two inches from the prime 
conductor, the other end as far from it as poſſi- 
ble, electrify the conductor, and the electric 
fluid in the rod will be driven to that end which 
1s furtheſt from the r ; fo that one end 
8 | will 
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will be electrified negatively, the othe? end 
poſitively, as will ber ſeen by the Balls. 


4 S Exrsarhrgr- XXVII. 


Apply. a flick of. excited WAX to the tube D, 
fig; 2375 as at A, while it remains there the 
balls open with negative electricity; 2 raiſe the 
wax, as at B, and the balls will cloſe ; ;. raiſe it 
Kill higher, and they will open with 3 
electricity. 0 
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EXPERIMENT” XXXIX. 


Excited glaſs held over the middle of the 
tube A, fig. 24, forces ſome part of the natural 
quantity of elecricity of: A into the balls, and 
ſome part out at the two ends into the air. 
During chis experiment, the balls of Aare re- 
pelled by glaſs, and are therefore in a poſitive 
ſtate; but, after the excited glaſa is removed, 
they in a very little time change to à negative 
ſtate, becauſe part of the natural quantity had 
eſcaped from the pointed ends into the air, 
while the glaſs was held over the tube; but, 
when the glaſs is removed, the over- charge in 
the balls will of «courſe return, and diffuſe itſelf 
equally in the tube, but as this is not ſufficient 
to balance the loſs ſuſtained,.. the tube, thread, 
and balls muſt be in a negative Kate, ® | 

E 4 Ex- 

. Wilſon” Short View. of Electricity, p. 7. 
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Place: Adin tubes, A, B, C, fig. 25, in 8 
Hoe: near to, or in contact with, each other; 
excited glaſs held over A forces out part of the 
natural quantity of fluid contained in A inte 
B and C; ſeparate A from B and C, A will be 
elefrified negatively, Band C will be in a poſi- 

tive ſtate. Put the three tubes into their former 
ſituation, the equilibrium will be reſtored, and 
the balls will collapſe,* 5 


rz XL. 


ö B, c, D, ig. = 
in contact with each other; excited glaſs held 
over A forces part of the fluid contained in it 
into B, the quantity received in B will force 
out a certain portion from C into D; the mo- 
A, ſeparate B and D from A and C, after 
which it will be found, that A and C are in a 


. and B ap | D'in a ds, ſtate. * 
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Excited glaſs held at about one inch diſtance 
from the end B, of a ſolid cylinder of glaſs B, D, : 
fig. 23, PL III, which | is 5 fix feet Jag, wil and 


about 


ha Dun, 8. 
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| about half an inen diameter, will force part of 
the fluid at the end B towards the remote end 
D; but, in doing this, the natural quantity 
belonging to the glaſs will undergo ſevera} al- 
gerations, which are diſcovered by the effect an 
excited glaſs tube has on a number of pith balls, 
which are ſuſpended at equal diſtances from 
each other between'B and D; in alittle ſpace 
of time the electricity of theſe is changed, thoſe 
that were poſitive will become negative, and 
thoſe that were negative will become poſitive. 

If the excited glaſs is held in contact with 
the end B, the additional quantity received at 

B will, in going towards D, cauſe ſeveral al 
terations in the denſity of the fluid in B D, but 
theſe alterations will be converſe to the former, 
and after a little time will alſo be reverſed. 

It may be inferred from theſe experiments, 
that whenever the electric fluid in any body be- 
comes ſuddenly more denſe in any one pa 
the fluid in the heighhouring parts will be 
more rare, and vice verſa, Theſe alternate 
changes of rarity and denſity muſt, from the 
nature of an-elaſtic fluid, continue to oſcillate 
many times backwards and forwards before the 
fluid can be at reſt ; though, when theſe mo · 
tions are weakened to a certain degree, theft are 
up rere to the obſerver. N41 


I 
. Ibid, p. 18. 
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- - Ir-is not improbable that the attra&ive ami 
repulfive motions of electriſied bodies, are o- 
ing to the alternate oondenſation and delatation 
of the electrie fluid on the furface of theſe bo- 
| dies, as they are naturally carried where _ 
meet with the leaſt reſiſtance. 
That there is a vibratory motion, or Arges, 
between the electric fluid, when in action, and 
the air, is evident from that ſenfation which is 
ſelt when a ſtrongly excited electrie is brought 
near any part of the human body; this is ſuch 
as would be occafioned by a ſpider's web drawn 
bghtly along the ſkin. This cireumſtance is 
rendered more clear by an experiment made by 
Dr. Prieſtley, in order to diſcover whether 
electricity was concerned in the freezing of 
water. . r Rl #2353! 1 


ExPERIMENT XIII. 
* 

He placed two diſhes with water in the open 
air in the time of a ſevere froſt, one of them he 
kept ſtrongly electrified, and could obſerve no 
difference in the time when it began to freeze, 
or in the thickneſs of the ice when it had been 

frozen ſome time; but he obſerved, on each 
fide of the electrifed wire, the ſame dancing 
vigour which is ſeen near the ſurface of the 

h earth 
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earth in a hot day, or at any time near a body 
ſtrongly heated. LOT: 

It appears, from ſeveral experiments. of Be- 
caria, that if the air is thoroughly exhauſted | 
from a glaſs receiver, the attraction and 
repulſion of electrified bodies within the re- 
ceiver, grow languid, and ſoon ceaſe altoge- 
ther. 


Eine, on ae altraction and repulſion 
of excited ſilk ribbons. 


ExXPERTMENT XLIV. 


put a black and a white ribbon a and 
draw them through the fingers ; by 'this opera- 
tion the white ribbon. will be electriſied poſi · 


tively, the black negatively, and will conſe» 
quently N each other. 


ExPERRIMENT XLV. 


Lay either of the ribbons upon a quire of 
paper, and draw over it amber, ſealing-wax, 
or any other negative electric, the ribbens will 
be excited poſitively, 

If poſitive electrics are drawn over the rib» 
bons, they will be excited negatively. | 


Ex- 


„ ** AT OY. 


| Exyrnizune XII. 


A piece of flannel and: a black ribbon will 
excite as well together as a black and white 
 Tibbon, 


ExyPanIMENT XLVIE. 


Dry two white filk ribbons at the fire, ex- 
tend them on any ſmooth plane, draw the edge 
of a ſharp ivory rule over them; while they 
continue on the plane they do not ſeem to have 
acquired any electricity, yet, when taken up 
ſeparately, they are obſerved to be negatively 
electriſied, and repel each other. 

When they are ſeparated from each other 
electrie ſparks are perceived between them, but 
when they are again put on the plane, no light 
is . without a ſecond friction. x 


ExPERIMENT XI. VIII. 


Place the ribbons on a rough conducting ſub- 
ſtance, rub them as before, and they will, on 


their ſeparation, ſhew contrary electricities, 


which will alſo diſappear when they are nen 
together. 
If che ribbons are made to repel each other 
and then joined together, and placed on the 
fore- 
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e rough ſubſtance, they will in a 
few minutes be mutually attracted; the upper- 
moſt being en the amol negatively, 
electriſied. 

When two > white 8 receive their han. 
tion on a rough ſurface, they always acquire 
contrary electricities; the upper one is nega- 
tively, the lower one poſitively, electrifisd. 


ExXPERIMENT XLIX. 
When two "ribbons are made to repel each 
other, draw the point of a needle lengthways 


down one of them, and uy will ruſh toge- 
ther. | 


_ Exyeniuent I. 

. an electrified ribbon near a ſmall 5 
lated metallic plate, it will be attracted but 
feebly ; bring a finger near the plate, a ſpark 
will be obſerved between them, though bork 
together ſhew no . figns of electricity; on the 
ſeparation of the ribbon chey again appear to 
be electrified, and a ſpark is perceived between 
the pag and the finger, | 


4% - 
* * — 


ExTIAIU Zr LI. 


Lay à number of ribbons of the ſame colour 
upon a ſmooth en ſubſtance, draw the 


9255 ivory 
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ivory rule over them, take them up fingly, and 
each will give a ſpark at the place where it is 
ſeparated from the other; the laſt will do the 
ſame with the conductor; they are all negatively 
electrifed. Take them from the plate together, 
they will all cohere in one maſs, which is . 
tively cleftrified on DO A. 


8 MENT 5 III. | 


Let them be placed on a rough conducting 
ſubſtance, and then be ſeparated ſingly, begin- 
ning with the lowermoſt, ſparks appear as be- 
fore, but all the ribbons will be electrified po- 
fitively except the uppermoſt. If they receive 
the friction upon the rough conductor, and are 
all taken up at once, all the intermediate rib- 
bons acquire the electricity of the higheſt or 
loweſt, according as the ſeparation is begun 
with the higheſt or the loweſt, : 

The following very curious obſervations and 
experiments were made by Mr. Symmer. He 
had been accuſtomed to wear two pair of filk” 
ſtockings, a black and a white, when theſe 
were pulled off both together no ſigns of elec- 
tricity appeared ; but, on pulling off the black 
ones from the white, he heard a ſnapping or 
cracking noiſe, and in the dark perceived 
ſparks between them, To produce this and” 

A | the 
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the following appearances” in great 'perfe@ong 
it was only neceſſary to draw his hand ſeveral 


times backward and forward over. his ty uid 
the ſtockings upon it. 

When the ſtockings e 1 Held 
at a diſtance from each other,” both of them aps 
peared to be highly excited: the irhite ſtocking 
poſitively, the black negatively, While they 

were kept at a diſtance from each other, both 
of them appeared inflated to ſuch a degree that 
they exhibited the- intire ſhape of che leg. 
When two black or two white" ſtockings ave 
held in one hand, they repel one another with 
confiderable force. When a white and a black 
ſtocking were preſented to each other they were 

mutually attracted, and ruſh together, if per- 
mitted, with great violence. As they ap- 
proach the inflation gradually ſubſides, and 
their attraction of foreign objects diminiſhes, 
but their attraction of one another increaſes ; 
when they actually meet, they become flat and 
joined cloſe together, like ſo many folds of 
filk ; when ſeparated again, their electric virtue 
does not ſeem to be in the leaſt impaired for 
having once met. The ſame appearances will 
be exhibited by them for a conſiderable time. 
When the ſtockings were ſuffered to meet, 
they ſtuck together with conſiderable force; 
at firſt Mr. Symmer found they required from 


64 ah: 2$4F 

one to twelve ounces to ſeparate them. Ano 
ther time they raiſed 27 ounces. Getting the 
black ſtockings new dyed; and the white ones 
waſhed, and whitened in the fumes of new ſul- 
phur, and then putting them one within the 
other, with the rough ſides together, they re- 
quired three pounds three ounces to ſeparnts 
them. 

When the white looking / was put within 
the black one, fo that the outſide of the white 
was contiguous to the infide of the black, they 
raiſed nine pounds, wanting a few ounces g 
when the two rough ſurfaces were together they 
raiſed fifteen pounds, one penny weight, and a 
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Expanixnut. Lu.” oo 

IX he wire and ball B to the end of the 

, Lonductor, as at A; fig. 29, turn the cy- 
oder, and then bring the kmickle, or another 
metal hall, as Cy towards B; : if the machine 
iy .poperfull,, a long, crooked, brillant, elec- 
tric... ſpark, with the appearance of fire, 
attended with a ſnapping noiſe, will paſs be 
tween the two: balls, or between the Knuckle . 


* 


and ball. oa pans oo 
The 88 in the foregoing chapter 
ſhow, that thoſe ſubſtances which are brought 
within the influence of electrified bodies, will 
become poſſeſſed of a contrary electricity, and 
are conſequently i in a proper ſtate to receive a 
ſpark from any body that is charged with elec- 
tric matter ; and, when brought near enough, | 
they will receive the fluid in one exploſion. If 
the conductor is negative, it receives the fluid 
from the approaching body. The ſpark does 
not explode at the greateſt diſtance on a given 
body, until ir has firſt been wade to ſtrike at 
S | F ſome 


1 


| ſome ſmaller diſtance, which, as it were, en- 
tices the diſcharge gradually forwards. 
The longeſt and moſt denſe ſparks proceed 
from that end of the conductor which is far- , 
theſt from the cylinder, though long curvilinear 
ſparks may alſo be taken near the inſulating 
pillar which ſupports the conductor. 
The ſpark, or , Quantity | of electricity dif- 
charged, is nearly in proportion to the ſize pf 
the conductor; ſo that larger and longer | ſparks 
are obtained from a conductor which has a 
conſiderable ſurface, than from a ſmall one. 
This has been extended ſo far, that the force | 
of the ſpark. from à conductor has been equal | 
to a ſhock from a good fized phial. 
The momentum or effort of the eleckric 
fluid ſeems to be produced by the incumbent 
prefſore of the atmoſphere on the clearic i mat-' 
ter, and the preſſure of one part of this matter 
upon another; which muſt be very great, if 
the parts of it are in contact, or act immedi- 
f ately one on, the other throughout the wide! im- 
[i menſity of ſpace. 
When the quantity of electricity is mall, 
and incapable of ſtriking at any ende able 
diſtance, the ſpark appears ſtrait; but, when 
it is ſtrong, and capable of ſtriking at a greater 
diſtance, it aſſumes a, crooked or zig-zag di- 
reclion; and this, probably, becauſe the more 
fluid 
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fluid electrie matter has to paſs with, great ta- 
pidity through che denſer and less fluid at- 
moſphere, which ebe A n each 
other?! 

It will be 15 by: 2 rk vatitiy:; ol 1 80 
riments, that the electric fluid is diffipated, 
unmleſs it is refiſted_by the preſſute ef -the- at- 
inofphete; which keeps the fire/ together in a 
body, and by concentrating it ihereaſes its 
ſ plendor. The ſpark which explodes in the 
air is vivid, like lightening ; but, if the ſame 
is tried in an exhauſted receiver, inſtead of * 
ſpark and exploſion; we have . A, filent, 
faint, diluted ſtreams. - 

Beccaria ſays; that the air fefiſts "he eliticie 
ſpark; in proportion to its denfity.; and the thick? 
neſs. of the ftratum it, oppofes to. the ſpark, or 
the length of the paſſage they open f for theme 
ſelves through its ſubſtance. He alſo ſhews, 
by a variety of experiments; that the air 1s 
driven in every dir&Qi6n” by the electric fluid 
with. a, force, the action, of which does not in- 
mediately ſubſide. age 

. The Flectric ſpark appears of 4 rat 
colour according to its denfity.: when 1 it, 18 rate, 
it appears of a blueiſh colour; When mote depſe, 
i; is purple ; when highly condenſed, it 18 clear 
and white like the light of the fun, * © 
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| The middle part of an electric ſpark often ap- 
pears diluted, and of a red or violet colour, 
the ends are more vivid and white, probably. | 

becauſe the fluid meets with the See reliſte 

ance at its entrance and exit. 

The n is ſometimes divided into * 

parts, as in ſig. 30. The rays of the pencil 

concentrate - where they- ſtrike the ball, and 

e it oy denſe and ſhining ſparks, __ - 
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APs: Exyeninznt II. 


Place an ivory ball on the conductor, take 2 

ſtrong ſpark, (or paſs the charge of a Leyden 
bottle through the center of it) the ball will 
appear perfectly luminous. If the charge is 
not taken through the center, it will paſs over 
and corrode the ſurface of the ball. 


EXPERIMENT: LV. 

Take a ſpark through a ball of box-wood, 
and it will appear of a beautiful crimſon, or ra- 
ther a fine ſcarlet colour: or the ſhock may be 

paſſed through pieces of wood of different 
thickneſſes and denfity, which will afford a 
very ample field for obſervation ang exper 
ment. i | 


„ 


— 


The 


ON ELECTRICITY. 6g 
The two foregoing experiments are ſo 
analagous to the famous: experiment of Mr. 
Hauxſbee, and ſome others which have been 
made fince his time, that I have fubjoined 
them, and hope they will lead to a further i ins 
veſtigation of this s curious ſubject. * 
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* 8 more than. half * inkide 
of a glaſs. globe with, ſealing wax, he exhauſted 
the globe, and put it in motion, when, on ap- 
plying his hand to excite. it, he ſaw. the ape 
and figure of it as diſtinetiy on the concave ſur | 
perficies of the wax within, as if only pure 
glaſs had intervened between his eye and his 
hand. The lining of wax, where it was thin- 
eſt, would but juſt allow the light of -a candle 
to be ſeen through it in rhe. dn, In ſome 
parts the wax was at leaſt am eig part of an 
inch thick; yet, even in thoſe. placs, the ſnape 
and figure of his hand were as n compared! 
as any where elſdee.. 

Beccaria diſcharged an electrie ſhock through - 
1 braſs duſt ſprinkled between two plates of 
ſealing wax ; the whole was n ee 
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th a contin experiment was made by 


$a. $ 


outſide of 2 a Jar, 1 0 on my finger, and 
ſometimes kept it at a ſmall diſtance by means 
of a thin piece of glaſs. | If I made the dit- 
charge at the diſtance of about three inches, 
the electric fire was viſible on the ſurface of | 
the finger, giving it a fudden concuſſion, which 
ſeemed to make it vibrate to the very bone ; 
and, when it happened to paſs on that fide of 
the finger which Was oppoſite to the eye, the 


whole ſeemed, in the rk, Fe tranſ⸗ 
parent. 5 


ww 
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as connec one end of 2 (chain wh "RY wat 
of a charged jar, let the other end lye on the 
table, place the end of another piece of chain 

at about one quarter of an inch diſtance from 
[els the former, then ſet a decanter of water on 
0 Aheſe ſeparated ends, and, on making the diſs. 
ehargethiough't the chain, the water will appeat 
perſcctiy and beautifully luminous (This experi⸗ 
ment Was communicated to me by Mr. Haas, the 
invgntor « of an improved air pump, which far 
| | exceeds 
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excceds thoſe that have been hitherto made 


pſe of, IA . 11111424 

Do not theſe experiments indicate, that 
tiers} is a ' fabdle” medium both in electrie and 
a non- electric bodies that renders chem Wy. 
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end; this tube is 18 80 in a larger one, fitted 
with braſs caps at each end, which are connect · 
ed with the tin · fol of the inner tube. Hold 
one end in the hand, And apply the other near 
enough to the prime cou f to taks ſparks 
from it, 4 beautiful and lucid ſpot will then be 
ſeen at each ſeparation” of the riti-foit ; theſe 
multiply, as it were, the ſpark taken from the 
conductor, for, if there was no break i in the 
tin-foil, the cleric fire would ow off unper⸗ 
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e Hife 

i The Tomb Word. —This experiment 
.is exactly on the ſame principles as the forc- 
going. The word is formed by the ſmall ſe- 
parations made in the tin- foil, which is paſted 
on a piece of glaſs, that is fixed in a frame 
of baked wood, as is repreſented ig fig. 32. 
To make the experiment, hold the frame in 
the hand and preſent the ball G to the con- 
ductor, the ſpark received on this will be 
communicated to the *tin«foil,- and follow it in 

all its windings, till it arrives at the hook h, 
and is conveyed from thence to the ground by - 
a chain: the lucid” appearance at each break 


exbiibits 5 word i in characters of fire, | 10 2JIZUT 

N 6 J TY | 

ppg Exerniunyt LXII. 7 
ee : 


o take the Nds ſpark ich, en; point, 
icrew-a pointed | braſs wire into one end of a 

ſpiral tube, and preſent it to the conductor 
hile the. machine is in action, when a ſtrong 
Park. will paſs between the 8 in 
info. nodes Avril ada 
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Take a clean dry glaſs tube, of about. 


quarter of an inch bore, inſert a pointed wire 
® — oe 7 in 
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oN ELECTRICIT . 573 
in this tube, keep the pointed end at ſome diſ. 
*tance from the end of the tube, let the other 
end be connected with the-ground, bring the 

former towards the prime conductor, and ſtrong 
Zig - zag ſparks, attended with a peculiar noiſe, 
will paſs between the conductor and the point. 
I) be ſeparation between the pieces of tin-foil, 
in experiment 62, forms a reſiſtance which hin- 
ders the immediate reception of the electric 
fluid, and tlrus, in ſome meaſure, prevents the 
common action of the point on the conduftor ; 
or, in other words, the power of a point to pre- 
vent an exploſion, depends on its having a per- 
fect uninterrupted metallic communication 
with the earth; though this is not quite ſuffici- 
ent, as may be ſeen by Ex. LXIII, where the 
fluid is concentrated: and collected by the non» 
tondufting” 'ſabſtance, which ſurrounds the 
Point. 


* Je 


Erkin LXIV. 


The any perſon ſtand on the inſulating ſol, 
and connect himſelf by a wire or chain with the 
prime conductor, he will then exhibit the ſame 
appearanees which are obtained from the con- 
ductot, and will attract light bodies, give the 
ſpark, &. and thus afford a plcaſing debt di- 
verſifying — experiment. It is abſolutely ne: 

work _ cellary, 
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* e to the complete ſueceſs of this experſ» 
ment, that no part of the cloaths touch tho 
; floor, table, &c. and that the glaſs feet be 
carefully dried; a ſheet, of dry brown paper 
placed under the ſtool, will be found of con- 
fiderable ſervi ice, by readers the inſulation 
amore compleat. 

If the inſulated perſon 1 his arg on the 
cloaths of one that is not ſo, eſpecially if they 
are woollen, they will both feel as it were many 
Pins pricking them, as may as the cylinder-ig 
in motion, 


* 


Exyrnimanr LXV. 


'T o fire ſpirits of wine Suh the clearic ſpark, 
Heart the, Jadle, fig. 333 then. pour a ſmall 
quantity of ſpirit: of; wine into it, and fix it by 
its handle to the end of the prime conductor; 
or, fire the ſpirits, and blow them out a few 
minutes before the experiment is made; take 
a ſpark through the middle of the ladle with a 
brafs ball, and the ſpirits, will be fired by it. 

Or, let a perſon, ſtanding on an inſulating 
ſtool and connected with the prime conductor, 
hold the ladle with the ſpirits in his hand, and 
let a perſon on the floor take a ſpark through 
them, and they will be fired. The experi- 
ment anſwers equally well, if the perſon on the 
BL floor 
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floor holds the ladle, and Fg: inſulated FEW 
gas the ſpark, ' | | 


4 5 ExyTRIMENT. LXVI. 
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If oil of n is ſet on fire in a veſſel 
which is placed on the conductor, and the 
imoke is received on à plate, held by a perſon 
ſtanding on an inſulated ſtool, he will be elec- 
trified thereby, and enabled to fire ſpirits of 
wine, &c, If the inſulated perſon holds a braſs 
wire at the top of the flame of -burning ſpirits 
of wine which i is connected with the conductor, 
he will alſo become electtified. Hence we 
find, that either ſmoke or flame conducts che 
dlectrical fluid, — | 


Mr. Volta has ſueceeded in obtaining 1 un- 


doubted ſigns of electricity from the ſimple 


evaporation of water, and from various chemi- 
cal cfteryeſcences, 


Exorniurnt IXVII. 


JInfolate a ſmall crucible, containing three or 
four lighted, coals, throw, a ſpoonful of water 
on the coals, and in a ſhort; ſpace of time, an 
clectrometer, which communicates with the 
coals by means of a wire, will Seek, wid 

© ative elcar; ity. * WOE YL SLED 
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From hence it would ſeem, that the vapour 
of water, and, in general, thoſe parts of 'a 
body that are ſeparated by volatilization, carry 
away an additional quantity of electric fluid, 
as well as of elementary heat; and that the 
body, from which thoſe volatile parts have 
been ſeparated, remains both cooled and elec- 
trificd negatively; and, that thoſe which 
are reſolved into a volatile elaſtic fluid, have 
their capacity for holding common fire, and 
the electric fluid augmented. 

A ſpecies of air which is inflammable is fb. 
quently generated in coal mines: the air alſo 
emitted by ſtirring the mud of ſome ſtandin 
waters, has been found to be inflammable. 
Putreſcent animal matter alſo emits this fluid. 
Tr may be obtained by diftilfation from wax, 
pitch, amber, coals, and other phlogiſtic ſub- 

Rances. The following is the moſt convenient 
method of procuring it: put ſome ſmalt naifs 
or iron filings into the bottle r, fig. 37, cover 


- theſe with water, then add to this a little ail - 


of vitriol, about one quarter of the quantity 
there is of water, put the ground end of the 
dent tube s into the mouth of the bottle, and 
paſs the other end through the water of the 
bafon T into the neck of the bottle K, which 
is filled with water, and inverted in the baſon, 


che bottle K muſt be ſupported during the ope- 
| | i ration ; 
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ration: in a lice, rime the mixture will effer- 


the bent tube, go into the bottle K, and at laſt 
fill it totally, expelling the water; the bottle 
is then to be removed, and corked as © Hs 
ouſly as poſfible;” TE 

Fig. 39 repreſents a braſs piſtol for inflam- 
mable air; a b. is a chamber of braſs, to the 
mouth a e of which a cork. i is fitted, A perſorar 


in fig. 49) 2 glaſs, tube is cemented into che 
perforation of this piece, and a braſs wire is 
alſo cemented; i into the glaſs. tube; one end FOR 


the glaſs tube from any accident. The air with 


piſtol to the opening of the bottle, and the 
ter will naturally deſcend ; keep the piſtol ia 
this ſituation about 15 ſeconds, then remove it, 


utmoſt expedition, 


*. * 
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veſce, and emit 2 fluid which wall pals, through. : 


ted piece of braſs ſcrews on to the bottom of 
this chamber, Ahis piece is repreſented by itſelf 


this wire is furniſhed wich a ball, the other c 
tremity is bent, ſo 2s to come within about 1 
tenth of an inch of the braſs piece. Fig. 41 158 
braſs cap, which ſcrews. on the piſtol, to preſerye, 


which the piſtol is to be charged ſhould be 
kept in a corked bottle: take out the cork, 
and apply in the ſame inſtant the mouth of the 


common and inflammable air will mix together, 
becauſe the former being lighter than the lat- 


and cork both the bottle and Piſtol with ihe 


„ r 5 
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If the piſtol is held too long over the bottles 
and is intirely filled with mate boys oh it 
will not . | 
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Bring the ball of the piſtol, which is charged 
with inflammable air; near the prime con- 
ductor, or the knob of a cliarged bottle; 
the ſpatk which paſſes between tlie end of 
the wire f and the piece g, fig: 40, will fire 
the inflammable air, and drive the cork to 
a conſiderable diſtances This air, like alt. 
other, requires the preſence either of pure air, 
or the nitrous acid; to enable it to burn; but, 
if it. is mixed with a eertain quantity of com: 
mon air, an exploſion will take place in paſſing 
the electrie ſpark through it. 

Mr. Cavallo recommends a piſtol made itt 
the following manner, to thoſe who wiſh to 
make experiments on the exploſion of inflam- 
mable and dephlogiſticated air, or with known 
quantities of common and inflammable air. 
It conſiſts of a braſs tube, about one inch in 
diameter and ſix inches long, to one extremity? 
of which a perforated piece of wood is ſecurely” 
ſitted ; a braſs wire, about four inches long,” 
is covered, except its ends, firſt with ſealing” 

\ 8 then with filk, and nn with ſeal 


ing 
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ing wax again. This wire is to be eemented in the 
perforation of the wooden pieces ſo as to pro- 
ject about two inches within the tube, the reſt 
is on the outſide; that Fart of the wire which 


is within, is bent fo as to be only about one 


tenth of an inch from the infide of the braſs 
tube. * A Z. J A A347 

To uſe this piſtol; fill it with 7. and then 1 in 
vert it inte a baſon of water; ; make tlie res 
quired quantity of inflammable and common 
air in another veſſel, by purting in 'Lhown and 
proportionable meaſures of "G07; introduce 
this mixture into the piſtol; and then ſtop it 
with a cork, take the piſtol out of the water,” 
and paſs in the uſual manner the ſpark of a 
charged jar through it, and the inflammable 
air will be fixed. 

The inſtruments for firing the inflammable 
air with the electric ſpark, are often 25 in 
the ſhape of a cannon. 0 | 


CU IT SES. S ˙ UT IS EN WIL dl 7 
4 _ ry . . * r 
8 "Y . 2 LR Fa 1 3 v 4x Xs 8 


| I 
| 


* 
' 
4s 


id 1 — me 1 « © a * , 2 
4 / 1 ” 94 f 1 1 * TV 
4 „ F 7 ” @ "21 ky * - - 
, ' : 8 
C 4 7 3 ” 4 4 * «3 
. - ' 
0 * : N - * ' 
i : * 0 C my 
* 4 
= 


& Bae Poi wins. 


L 


. 


LXIX. 


* * 1 4 


i 

* » 
, + 

s © 7 
” - 


pac * 5 pointed _ of 2 wire fa- 
wards. a conductor which is poſitively 
electrified, a lucid globular point or ſtar wilt 
appear on the point, and the electric fluid will 
de evidently conveyed away and chene from 


the conductor. | 


EXPERIMENT 


- 
* * 


LXX. 


3 3 


Preſent a pointed wire towards a Pure 
1 is electriſied negatively; a lucid cone or 
bruſh will be ſeen diverging from the Point, and 
the quantity of fire will be increaſed. 


EXPERIMENT 


1.XXk. 


The lucid ſtar is ſeen on the collecting 
points of a poſitive conductor, while a diverging 


cone will appear on a point placed at.the end of 
the conductor. 


Ex- 


ON "ELECTRICITY, 3. 


ExpxRIMENT LXXII. 


A lucid cone appears on the colleftor of a 


negative conductor, and a lucid ſtar on a point 
placed at the oppoſite end of the conductor. 
The ſuſceptibility of, points to receive or 
part with the electric matter, and the different 
appearance of the light on the point, in 
various experiments, has led many electricians 
tõ conclude; that theſe appearances determined, 
in a deciſive manner, the direction of the elec- 
tric fluid; They ſuppoſe, that the appeatance 


of the 'globulat light or ſtar is an indication 


that the electric fluid is entering by that 
point; and that the fluid proceeds from the 
point on which the lucid cone or bruſh is 
ſeen. This opinion is confirmed, by obſerving 
that * theſe appearatices are, conformable to 
the laws obſerved by other fluids, which di- 
verge from the reſiſtance they meet with from 
the air; as is the caſe when the electric fluid 


iſſues from a point placed at the end of a pofi- 
tive condudor. To this it has been objected, 
that the rays may be confidered as converging 
from fo many points in the ſurrounding air to- 
wards the metallic point. But it is difficult to 


ſay, why a viſible ray ſhould be ſuppoſed to 


break out from one point of theatmoſphere rather 


; 


than another, as it is known to, reſiſt the paſſage 


| 
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of the fluid, and ſeems to reſiſt it equally ; and 
therefore, when it proceeds from the air to a 

5 point, it percolates ſlowly, inviſibly, and 
equally on all ſides, till it comes ſo near as to 
force its way through the intermediate ſpace, 
and ſettle on the * n it will n as 
a luminous globulgg,”: N. 


ONT | Exvzzriſant LXXI II. 3 | 
2 — A an excited glaſs tube near a 58 : | 
EK fl at the end of a poſitively electrifiech n. 
+ "dugtor, and the luminous bruſh will be turned, - 8 
heh ant of i its direction by the action of the excited : 
das; if the tube is held directly oppaſte * 
the point, the bruſh will vaniſh, 1870 
* EXPERIMENT | LXXIV. — | : 


Fix the point to the end of the negative cc con- 

quctog the lucid ſtar will turn emu the 
/ excites r 

Theſe 2 Wein coincide with and 
confirm experiments 69, 70, 71, 72, and lead 
to the ſame concluſion, viz. that the bruſh is 2 | 
ſign of poſitive, and the ſtar an indication of. 
negative, electricity, which is ſtill further con- 
firmed by the following experiment. 


ExPERIMENT LXXV. 


Put a wire, which has a ball at one end, 19800 | 
ak the hole at the end of a poſitive conductor, 
INT; : place 
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ON ELECTRICITY. 48; 
place a lighted candle ſo that the middle of the 
flame may be even with the middle of the ball, 
and about an inch from it; turn the machine, 
and place the ſame wire at the end of the nega- 
tive conductor, the appearance will be reyerſed, 
ind the knob will ſoon be heated by the flame 
of, the candle which 1 is carried towards i Mc 17; 


EXPERIMENT ILXXVI. 
5 fix a a pointed wire in the hole on Wes öpper 


fide of the conductor, then place the center of 


the braſs croſs K, fig.' 34, upon the point, the 


ends of which croſs are all bent one way; elec- 


trify the conductor. and the croſs will turm 


upon its center with great rapidity. If the 
room be darkened, à circle of light will be 
formed by the electric fluid on the points of 
the wires. The re- action of the air on the di- 
verging cone of electric matter gives the retro - 
grade motion to the points of the wire. 

The fly turns round in the fame direction, 


whether it is electrified negatively ot poſitively ; 


though it will not move in vacuo, umleſs the 
finger, or ſome other conductor, is applied to 
the glaſs receiver oppoſite to one of the points, 
it will then begin to move, and continue to do 


ſo briſk]y till the glaſs is charged. 


G 2 ; : Ny Ex- 
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ExPERIMENT LXXVII. 
: Electrify the two inſulated wires MN 05 
fig. 35, and the reſiſtance of the air againſt the 
electric ſtream, from the point of the fly L, 
(the axis of which rolls on the wires) will force 


the fly up the declivity of the inclined plane 
MN, o * 


ExPENI NEXT LXXVIII. 


Fig. 36 repreſents a ſmall crane, which will 
move from the ſame cauſe as the foregoing, 
and raiſe a ſmall weight. 


EXPERIMENT LXXIX. 


Several flyers may be made to turn at the 
ſame time, ſee fig. 37, and many other pleaſing 
experiments may be contrived on the ſame 
principle. 

When the electric fluid percolates a wooden 
point, the ſtream or cone which iffues from it 
ſeems diluted, and ſomething fimilar to the 
purple electric light which is obtained in vacuo, 
The action of the electric fluid on the air by an 


electrified point, produces a ſenſible aura, or 


wind, of ſufficient force, as is ſeen above, to 
put light bodies in motion, or diſturb the flame 
9 of 
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ON ELECTRICITY. UW 
of a candle, and occaſion an undulation in 
fluids ; the action of the fluid is ſo modified 
by points as to produee-an agreeable ſenſation, 
reſembling a gentle breathing ; this ſenſation 
may be rendered more or leſs ſtimulating, by 


the reſiſtance the fluid meets with in its action 


on our bodies, an effect which is productive of 
great advantages in medical electricity. 


G 3 CHAP- 
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N 5 H AP., vn. 
Of th Eon Phial. 


HE experiments upon the Layton Phial 

are ſome of the moſt intereſting in elec- 
tricity ; they excited the attention of the philo- 
ſopher to this ſubject more than any other ex- 
periment, and are ſtill viewed with wonder and 
ſurprize. 

The phoenomena attending this very extra- 
ordinary experiment ſeemed totally inexplica- 
ble, till they were elucidated by the ingenious 
theory of Dr. Franklin; which, in a plain and 
clear manner, accounts for moſt of the difficul- 
ties which attend this intricate branch of clec- 
tricity ; and accomodates itſelf ſo eaſily and ſatiſ- 
factorily to a variety of appearances, as to 
make us almoſt loſe fight of the objections 
againſt it. 


EXPERIMENT LXXX. 


Place the braſs ball of a coated jar in contact 
with the prime conductor while the outfide 
communicates with the table, turn the cylin- 
der, and the bottle will in a little time be 

charged, 
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charged, or modify the electric fluid in a pecu- 
liar manner. To diſcharge the jar, or reſtore 
it to its natural ſtate, bridg one end of a con- 
ducting ſubſtance in contact with the outſide 
coating, and let the other be brought near the 
knob of the jar which communicates with the 
inſide coating, a ſtrong exploſion will take 
place, the electric light will be viſible, and the 
rej very loud, pt 


ExPE RIMENT LXXXI. 


Charge the Leyden bottle, then touch the 
outfide coating with one hand, and the knob 
with the other, the bottle will he diſcharged, 
and a ſudden peculiar ſenſation will be per- 
ceived, That is called the electric ſhock, 
which, when it is taken-in this manner; gene- 
rally affects the wrifts, elbows, and breaſt: 
when the ſhock is ſtrong, it reſembles an uni- 
verſal blow, This peculiar. ſenſation is proba- 
bly owing to the two-fold and inſtantaneous 
action of the electric fluid, which enters and 
goes out of the body and the various parts 
through which it paſſes at one and the ſame 
inſtant. It has been alſo obſerved, that nature 
has appointed a certain modification of the 
electric fluid in all terreſtrial bodies, which we 


violate j in our experiments; when 5 violation 
— G 4 - is 
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is ſmall, the powers of nature operate in a gen. 
tle manner to reſtore the diſorder we have i intro: 


- duced; bur, when the deviation is conſiderable, 


the natural powers reſtore the original conſtitu- 


tion with extreme violence. 


If ſeveral perſons join hands, and the firſt 
touches the outſide of a charged jar, and the 
laft the knob, the bottle will be diſcharged, 
and they will all feel the ſhock at the ſame in- 
ſtant ; but the greater the number of perſons 
that join hands to take a ſhock, «he weaker 
it 18. | 

The force of the ſhock is. in proportion to 
the quantity of coated ſurfaces, the thinneſs of 


the glaſs, and the power of the machine; or, 


the effect of the Leyden phial is increaſed, in 
Proportion as we deſtroy the equilibria on 
the ſurfaces. | 

If a charged jar is coated very high, it will 
diſcharge itſelf before it has received near the 
charge it would take if the coating was lower. 
If it is coated very low, this part of the ſurface 
may be charged very high, but a conſiderable 
part of the glaſs 1 is not charged at all. 

When a jar is charged very high, it will 
often explode or diſcharge itſelf over the glaſs 
from one coated ſurface to the other; or, if 
the glaſs is thin, it will make a hole through 
it, and ſwell the coating on both ſides, 
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che glaſs in the hole will be pulverized, and 
very often a variety of fiſſures will t from 
it in various directions. | 
A Leyden jar very often reco ecovers it 
electricity, in a ſmall degree, after a diſ- 
charge has been made ; this ſecond exploſion. X 
is called the reſiduum of a charge. & 
The form or fize of the glaſs is no ways 
material to the receiving of a charge. | 
To avoid receiving the electric ſhock, be 
careful never to tõdch the top and bottom of 
the jar at the ſame time, and never to enter a 
circuit formed between the infide and outſide 
of a jar. By attending to this obſervation, jars 
of any fize may be handled with ſafety. Indeed, 
the human frame makes ſo little reſiſtance to 
the free paſſage of this ſubtle agent, that no 
other inconvenience will attend a ſhoek from a 
common-fized charged jar, than a tranſient diſ- 
agreeable ſenſation. 
Touch the knob of a charged jar, no ſhock 
will enſue; but the finger, or part that touches 
the ball of the jar, will be affected with a ſharp 
ſenſation, as if it had been pricked with a 
needle. | 
A charged phial, ſet upon electric ſubſtances, 
may be taken hold of without danger, either by 
the coating or the wire ; a ſmall ſpark only will 
proceed from either, 
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Dr. "Franklin s Theory of the Loden 
| Bottle. 


Glaſs is ſuppoſed to contain at all times, on 
its two ſurfaces, a large quantity of the electric 
fluid; which is ſo diſpoſed, that if you increaſe 
the quantity on one fide, the other muſt t throw 
off an equal proportion|; or, when one fide is 
poſitive, the other muſt be negative; now, as 
no more of the electric fluid can be forced on 
one fide than can go off on the other, there is 
more the bottle after it is charged than 
was there before; the quantity is neither in- 
creaſed ar leſſened on the whole, though a 
change may be made in its place and ſituation; 
i. e. we may throw an additional quantity on 
one of its ſides, if, at the ſame time, an equal 
quantity can eſcape from the other, and not 
otherwiſe. That this change is effected by lining 
parts of its two ſurfaces with a non- electric; 
through the mediation of which, we are enabled 
to convey the electric fire to every phyfical 
point of the furface we propoſe to charge, 
where it exerts its activity in repelling the elec- 
tric particles naturally belonging to the other 
fide ; all of which have an opportunity of eſea- 
ping by the Boing 1 in contact with this ſurface, 
. 3 . which, 
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which, for that purpoſe, muſt communicate 


with the earth : when the whole quantity be- 
longing to this ſurface has been diſcharged, in 


. conſequence of an equal quantity thrown upon 


the other ſurface, the bottle 1s charged as much 
as it can poſſibly be, The two ſurfages are at 
this time in a ſtate of violence; the inner, or 
poſitive fide, ſtrongly diſpoſed to part with its 
additional fire, and the outer, or negative fide, 


equally defirous to attract what it has loſt, but 
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neither of them capable of having a change 
in its ſtate effected, without the equal and 
contemporary participation of the other. That 
notwithſtanding the vicinity of theſe two ſur- 
faces, and the ſtrong diſpoſition of the electric 


fluid contained in one of them to communicate 
its ſuper- abundance to the other, and of that 


to receive it, yet there is an impenetrable bar- 
rier between them; for; ſo impermeable is glaſs 
to the electric fluid, (though it permits one 
fide of it to act on the other) that its two ſur- 
faces remain in this ſtate of contrariety till a 
communication is formed between them, ab 


extra, by a proper conductor, when the equili- 


brium is ſuddenly and violently reſtored, and 
the electric fluid recovers its original ſtate of 
equality on the two ſides of the glaſs. 


* | a 9 
n 8 K 
2 Ar oy Ex- 
5 , : i A - * 2 
— 5 ws” (4 — ? ff 


gz AN ESSAT 


Experi ments on charging and diſcharging 
the Leyden Phial, intended to elucidate _ 
and confirm Dr. Franklin's Theory. 


EXPERIMENT LXXXII. 


Serew a Leyden phial, whoſe coating is free 

from paints, upon an inſulated ſtand, and place 
it ſo that its knob may be in contact with the 
conductor, (taking care that no conducting 
ſubſtance is near the coating of the jar) turn 
the cylinder round a ſufficient number of 
times to charge the phial, then examine it with 
2 difcharging rod, and you will find it had re- 
_ cerved no charge; which ſhews clearly, that 
except the electric fluid can eſcape from one 
- fide of the jar, it can receive none on the 
other. | | \ 


ExerriMent LXXXIII. 


Place the fame inſulated phial ſo that its knob 
may be about half an inch from the conductor, 
and, while the cylinder is turning, hold a braſs 
knob near the coating of the jar ; this knob 
will receive a ſpark from the coating for every 
one that paſſes between the conductor and the 
Tv knob, 
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knob, and the jar will in a little time be 
charged, by adding electricity to one ſide, and 
taking it away from the other. 


EXPERIMENT - LXXXIV. px 


Screw the phial a, ſig 42, on the inſulated 
pillar d, and bring its knob. in contact with the 
donductor; hold another bottle c, of the fame. 
lize with a, ſo that its knob may be in contact 

with the outfide coating of the bottle a; turn 
the cylinder, and when the bottle a 1s charged, 
place c on the table, then unſcrew a from i its 
ſtand, and place it alſo on the table, but at 
ſome diſtance from the other; fit a braſs ball 
to the bottom ſtem of the quadrant electrome- 5 
ter, and hold the electrometer by a filk'Mtting, © | 
ſo that the braſs ball may touch the knob of | 

the bottle; obſerve at what height the index of 

the electrometer ſtands, and then remove it to 

the other bottle, which will raiſe the index to 
the ſame height; ſhewing clearly, that the 
bottle has thrown off from the outſide as much 
electricity as it received on the inſide. 


ExpzRIMENT | LXXXV. 


Place the knob of an RNS bottle. in eon- 
tact with a poſitive e and connect the. 
| outer 


0 
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| outer coating With the cuſhion, or à negative 

conductor, turn the cylinder, and the bottle 
will be charged with its own electricity; the 
fluid from the exterior coating being tranſ- 
ferred to the interior one. 


EXPERIMENT LXXXVI. 
Charge the two bottles, fig. 43, politively ; 
connect their outſide coatings by a wire or 
chain; then bring their knobs together, there 
will be no ſpark between them, and the bottles 


| will not be diſcharged, becauſe. neither fide 
hr any thing to communicate to the other. 


Exrzzinzur LXXXV II. 


Charge cbe inſulated bottle,  fig- 43, nega- 
tively, and the other poſitively ; connect the 
coating by a chain, and bring the knobs to-' 
wards each other, an exploſion will take place, 
and the bottles will be diſcharged, If a lighted: 
candle is placed between the knobs, the ex- 
ploſion will be made through the flame in a 
beautiful manner, and at ſome inehes diſtance, 


See fig. 44- 
EXPERIMENT LXXXVIII 


Fi IX a quadrant electrometer to the ball of . 
a Leyden bottle, and charge it negatively 7 
when 


— 
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when it has received a full charge the index 
will ſtand at-go degrees; then place the bottle 
with its electrometer at the poſitive conductor, 

turn the cylinder, the electrometer will de- 
ſcend, and the bottle will be 9 by the 
contrary . 25 


EXPERIMENT LXXXEE, 


Inſulate two Leyden bottles ; let their coating 
be in contact, and while you charge the inſide 
of one poſitively, let a perſon, ſtanding on 
the floor, touch the top of the other with his 
finger, and it wilt be charged negatively | 


\Exyznruent XC. 


LM, fig: 45, repreſents a Leyden jar, ich 
is furniſhed with moveable coatings of tin; 
the inner one, N, may be removed by the filk 
ſtrings f, g, h; the Jar ns be taken 88885 the 
outer coating. 

Charge the jar, and then remove the cont- 
ings, bring a pair of pith balls towards the jar, 
and they will be. ſtrongly attracted by it; re- 
place the coatings, and the jar will give a con- 
fiderable ſhock ; which ſhews, that the Power. 
or force of, the charge is reſident in the e Bt, 
and dot in the einge, | 


Ex- 
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TV, fig. 46, repreſents a bottle, whoſe ex- 
terior coating is formed of ſmall pieces of tin- 
foil, placed at a little diſtance from each other. 
Charge this bottle in the uſual manner, and 
ſtrong ſparks of electricity will paſs from one 
ſpot of tin. foil to the other, in a variety of di- 
rections; the ſeparation of the tin - foil making 
the paſſage of the fluid from the outſide to the 
table viſible. Diſcharge this bottle, by bring- 
ing a pointed wire gradually near the knob, 
and the uncoated part of the glaſs between the 
ſpots will be pleaſingly illuminated, and the 
noiſe will reſemble that of ſmall fired crackers. 
If the jar is diſcharged ſuddenly, the whole 
outſide ſurface appears illuminated. To pro- 
duce theſe appearances the glaſs muſt be vey: 


. eee XCII. 


String a patcel of ſhot ori a filk ſtring, leaviüg 
a ſmall ſpace between each of them; ſuſpend 
this from the conductor, ſo that it may reach 
the bottom of a coated phial, which is placed 
on an inſulated ſtand; connect another ſtring : 
of ſhot to the bottom of the jar and let it com- 
municate with the table, turn tlie machine, and 
a 


T cc vg 
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4 vivid ſpark will be ſeen between each of the 
ſhot, both within and without the bottle, as if 
the fire en n the e 


brrzsiniur xcnt 


Hold a phial in the hand which has no coats 
ing on the outſide, and preſent its knob. towards 
an electrified conductor; the fire, while it is 
charging, will paſs from the outſide to the 


hand, in a pleaſing manner; on the diſcharge; 


beautiful ramifications will proceed from that 


knob of the diſcharger which is on the outfide 


all over The jar. 
| Errasiazur XCIV. 


Let a als be ended from the conductor 
and paſs into an uncoated bottle, ſo that it 
does not touch the bottom ; put the machine 
in action, and the chain will move round, in 
order, as it were, to lay the fire on the inſide 
of the jar, and thus charge 1 it by degrees. - 


ExprnIMEnT XCV. 


Fig. 47 repreſents two Leyden phials, placed 
ene over the other. Various experiments may 
be made with this double bottle, which are 
19 | H | | very 


„ a lr 


very pleaſing, and elucidate clearly the received 

Gig 
Bring the outſide ky: of the bottle A+ in 
contact with the prime conductor, and turn the 
machine till the bottle is charged, then place 
one ball of the diſcharging rod upon the coat- 
ing of B, and with the other toueh the knob of 
the jar A, which will cauſe an exploſion. Now 
place one ball of the diſcharger on the knob of 
A, and bring the other ball to its coating 
and you have a ſecond diſcharge. Again, 
apply one ball of the diſcharger on the coating; 
of B, and carry the other to the coating of A, 
and it will produce a third exploſion. A fourth 
is obtained by applying the diſcharge from the 
- coating of A to its knob. | | 
The outer coating of the upper jar commu- 
nicating with the inſide of the under one, con- 
veys the fluid from the conductor to the large 
jar, which 1s therefore charged poſitively; the 
upper jar does not charge, becauſe the inſide 
cannot part with any of its electrie fluid; but, 
when a communication is formed from the 
outſide of A to the infide of B, part of the fire 
on the inſide of A will be conveyed to the ne- 
gative coating of B, and the jar will be diſ- 
charged. The ſecond exploſion is occaſioned 
by the diſcharge of the jar A; but, as the out- 
fide of this communicates by eonducting ſub- 
( | ſtances 
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habits with the poſitive inſide of the 3 Jar B, if 
the ball of the diſcharging rod'remains a ſmall 
time after the diſcharge on the knob of A, part 
of the fire of the infide of A wilt efcape, and 
be replaced by an equal quantity on the outſide 
from the jar B, by which means A is charged 
a ſecond time ; the diſcharge of this produces 
the third, and of B the fourth Le | 


Ve Saved State of the tao oppoſe te Sides 


of 4 charged. Leyden | Bottle, - ſhewn by 
their reſpective attractive and repu {foe 


Powers. 


ExpzRIME r XCVI. 


Serew the bottle H, fig. 49, with the belt ſide- f 
ways on the inſulating ſtand, as in. fig. 48, and | 
charge! it poſitively, then touch the knob with a 
pair of pith balls, theſe will diverge with poſitive | | 
electricity; hold another pair to the coating, 
and they will an with negative elec- 
tricity.” | 


wh — ” 


XCVIL - 


6 


Eleaf) two pair of the pith balls which are. 
fixed to the braſs tubes, as in fig. 22, Pl. II, 
5 the knob of a poſitively charged bottle, and 
| 3 


N 
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place them at a ſmall diſtance from each other, 
then puſh them together till the ends of the 
tubes are in contact, and the balls will remain 
in the ſame ſtate they were in before they were 
brought together, becauſe their electricity 1s 
of the ſame kind. The reſult is the fame if 
both pair are electrified by the coating; but if 
one pair is electrified by the coating and the 
other by the knob, when they are brought in 
contact they immediately cloſe. | 


EXPERIMENT XCVIIL. 


A cork ball, or an artificial ſpider $5 of 
burnt cork with legs of linen thread, {ſuſpended 
by filk, will play between the knobs of two 
bottles, one of which is charged poſitively, the 
other negatively, and will in à little time dil 
charge them. V 


EA RIM ENT XCIX. 


A ball, ſuſpended on ſilk, and placed be- 
tween two braſs balls, one proceeding from the 
outſide, the other from the inſide of a Leyden 
jar, when che bottle is charged, will fly from 
one knob to the other, and by thus conveying the 
fire from the inſide to the outſide of We bottle, 
will ſoon diſcharge i it. | 


Ex- 
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ExyzxiNzNT ; 24 


An ned cork ball, afeer 1 dw 
a ſpark, will not play between, but be equally 


repelled by two bottles which are, _ with | 


the ſame power. 
ExpPpERIMENT Cl. 


Ar fig. 58 a wire is fixed to the under part 
of the inſulated coated phial, bc another wire 
fitted to, and at right angles with the former, 
a braſs fly is placed on the point of this 


wire; charge the bottle, and all the time 


the bottle is charging the fly will turn round; 
when the bottle is charged the needle ſtops. 


Touch the top of the bottle with a finger, or 


any other conducting ſubſtance, and the fly 
will turn again till the bottle is diſcharged. 
The fly will electrify a pair of balls poſitively 
. while the bottle is charging, and DR y 
when een, 


Exypneuant cn. 


Place a clean * and excited pane of glaſs, 


about one foot ſquare, on an inſulated box with 
pith nw, it will cauſe the balls to diverge 
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with poſitive electricity, and they will continue 
to repell each other upwards of four hours in 
dry air. When the balls come together, re- 
move the glaſs, an and they will open with nega- 
tive electricity; replace the glaſs, and they 
will cloſe; remove it, and they will open 
again; and thus alternately, as long as any 
electricity remains in the glaſs, 

If the pane of glaſs be placed in a frame of 
wood, and a light pith or cork ball be laid on 
its ſurface, on preſenting towards it the end of 
a finger, or the point of a pin, the ball will 
xecede from them with a very briſk motion, 
and may thus be driven about on the ſurface of 
the glaſs, like a feather in the air by ap excited 
tube. The ball being deprived of its electri- 
dity by the pin, it inſtantly flies to that part 

of the glaſs which attracts it moſt forcibly, 
_ To excite the pane of glaſs; ; lay 1 it upon 2: 
quire of large paper, well dried, and then 50 
it with a piece of clean dry flannel, | | 
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9 ; 
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he n States ma the di pere 8 Side of 
a Leyden Phial, and the Direction of the 
Elerric Fluid in the Charge and Dif- 


3 charg e thereof, inveſtigated by the Appear- Y 


0 10 the Electric He. 


In Fils 6 we * that the differ- 

ent appearances of light on electrified points 
was deemed a criterion of the direction of the 
electric fluid. That the luminous ſtar, or glo- 
bule, ſhews the point is receiving the electric 
matter, whilſt the luminous bruſh, or cone, 
indicates chat it is proceeding from the point, 


We ſhall now examine the ſtates of the differ- 
ent ſides of the Leyden bottle by theſe appear- 


ances, For this, and many other purpoſes, 
the apparatus which is repreſented in fig. 49 


will be found very convenient; I haye en- 


deavoured to combine the parts of it in ſuch 


manner as will render the apparatus extenſively | 


uſeful, without being complicated. A is an 


inſulated pillar of glaſs, which is ſcrewed to 
the wooden foot B; all the different parts of 


the apparatus may be ſcrewed alternately on 
this pillar. C is an exhauſted tube of glaſs, 
furniſhed. at each end with braſs caps; at the 


ack D is a valye, properly. Rene under the | 
„ 'braſs 
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braſs plate, a braſs wire with a ball projects 
from the upper gap, a pointed wire proceeds 
from the bottom plate ; this tube is called the ; 
luminous conductor. "The flaſk, repreſented : 
at E, is called the Leyden vacuum. It is fur- 
niſhed with a valve under the ball E; this ball 
unſcrews, in order to come more readily-at the 
valve; a. wire, with ' a blunt end, projects a 
little below the neck of the. flaſk, "the Bottom 
of the flaſk is coated with tin-foil 7. a female 
ſcrew is cemented to the bottom, in order to 
ſcrew i it on the pillar A. 

F is a ſyringe to exhauſt the air occafionally 
either from the luminous conductor, or the 
Leyden vacuum. 10 do this; unſcrew the 
ball of the Leyden vacuum, or the plate of the 
luminous conductor, and then ſerew the ſyringe 
in the place of either of theſe pieces, being 
Careful that the bottom of the female ſerew G 
bears cloſe againſt the leather Which covers the 
| ſhoulders ab, cd, then work the ſyringe, and 
in a few minutes the glaſles will be ſufficiently 
exhauſted. | H and I are two Leyden bottles, 
each of which has a female ſcrew fitted to the 
bottom, in order that they may be conveniently 
ſcrewed on the pillar A. The bottle H is fur- 
| niſhed with a belt, that'i it. may be ſcrewed ſide- 
ways on the pillar A. K and L are two ſmall 
wires, which are to ſcrew occafionally into 

48 ; either 


* 


ON ELECTRICITY. 0g 


either the ball E, the knobs o or f, the cap C, 
or the ſocket g, on the top of the pillar; the 
balls may be unſcrewed from theſe wires, 
which will then exhibit a blunt point. M is a 


wooden table, to be ſcrewed on the glaſs e 


ee eee | 
ExPzRIMENT CHI. ; 


Screw the jar I on the inſulating pillar, and 
the pointed wire into the hole g, place another 
pointed wire at the end of the conductor, bring 
the knob of the jar near this wire, and then 
turn the cylinder, a pencil of rays will diverge 
from the pointed wire in the conductor to the 
knob of the jar, at the ſame time another pen- 


cil of rays will diverge from the point at the 


bottom into the air. See fig. 50. _ 
Repeat this experiment with the negative 


conductor, and a luminous ſtar will * on 


the end of ch wire. 


f 


Experiment CIV. 


Serew a pointed wire into the knob of the 


jar, (ſee fig. 51) charge the bottle poſitively, 
the fire will he received from the conductor by 
the pointed wire, and appear there as a lumi- 
nous ſtar, + while the wire on the outſide qf * 
jar will throw off a diverging cone. 

Fig. 


m * _ - 
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Fig. 32 repreſents the foregoing appearances 
reverſed, by charging the jar Wee at the 
e conductor. 
This experiment may he Gatthes, e 
55 applying the bottle to a en con». 
ductor Hane : 


br C. 


After the jar is charged, as in the foregoing 
experiments, turn that wire fram the cylinder 
which before was neareſt to it, then put the 
machine in action, and the afflux and efflux 
will be more apparent than before; one point 
throwing off, and the other receiving the fluid 
with extreme avidity, which will in a little 
time Siſchorge the jar. 


EXPERIMENT CVI. 


Charge the jar as before, then touch the 
wire which is connected with the negative 
fide, and the oppoſite wire will throw off a 
diverging cone; but, if the poſitive ſide is 


touched, a luminous cone only will be ſeen. on 
the other wire. 


"2M ExpznIMENT CVII. 


Fig. 53 is an electric jar, B B the tin-foil 
Coating, C a ſtand which uppers the jar, Da 
ſocket 
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ſocket of metal which catries the glaſs rod E; 
2 curved metallic wire, pointed at each end, 

is, fixed to the end of the rod G, which rod 1 10 
moveable at pleaſure in a ſpring tube N, that 
tube being fixed by a ſocket upon the top of 
the glaſs rod E, the charging wire communi- 


Fates with the different diviſions-of the infide - 


eoating of the jar by horizontal wires, 

Place the jar as uſual, and ꝓut the machine 
i action, a ſmall luminous ſpark will appear 
upon the upper point of the wire E, (a plain 
indication that the point is then receiving elec- 
tricity from the upper ring of the coating on 
the outſide of the jar) a fine ſtream or pencil of 
rays will at the ſame time fly off, beautifully 
diverging from the lower point of the wire F 
upon the bottom ring of the coating on the jar; 
when theſe appearances ceaſe, which they will 
as ſoon as the jar is charged, let a pointed wire 
be preſented towards the prime conductor, 


this will ſoon diſcharge the jar filently, during | 
which, the lower point will be illumined with 


a ſmall ſpark, while the upper point of the wire 


will throw off a pencil of rays, diverging to: 


wards the upper ring of the coating. 
EXPERIMENT. cvm. 


Take a Leyden phial, the -neck of which 
| FG not be very broad, ſet the coating on 
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the conductor, and charge it negatively; when 
charged, if not too dry, the upper edge of the 
coating will throw off one or more bruſhes of 
tight into the air, which will viſibly incline to- 
wards the charging wire of the bottle, and 
ö fometimes actually reach it. Preſent the knob 
to the prime conductor, and charge the jar po- 
ſitively, a ſmall ſpark of light will firſt appear 
on the edge of the cork in the neck of the bot- 
tle, through which the wire paſſes after a few 
turns of the cylinder; this ſpark becomes a 
bruth, darting out from the cork, and gradually 
lengthening till it farms an arch, the end of it 
extending downwards till it reaches and touches 
the end of the coating. If the bottle be ary, 
it will in both caſes be Wichard ſpontancouſly. | 
See ag: 54 6 and „ 


ExPERIMENT CEE. 


An inſulated poſitively charged bone will 
give a ſpark from its knob to an excited ſtick 
of wax, while no ſpark will paſs between it ang 
an excited m_ 9885 37-6 


Exrzz IMENT, CX. 


A analyſis -of the Lovin phial, by means 
ef che * vacuum E, fig. 49. — Screw 
8 this 
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this on the inſulated ſtand, with the pointed 


wire from the bottom. Fig. 56 repreſents the 
appearance of the fluid on the points when the 
bottle is charging negatively, at a conductor 
loaded with poſitive electricity. 

Fig. 37 the appearances it diſplays when it 
is charging poſitively at the ſame conductor. 

Fig. 59 is the ſame bottle charging poſitively 
41 a negative conductor. Fig. 60 it is charging 
negatively at the ſame conductor. 


EXPERIMENT. CXT: 


Fig: 61 repreſents the luminous conduckor 


on the inſulating ſtand. Set the collecting 
point near the cylinder, and place the knob of 
an uncharged phial in contact with the ball, 


or hang a chain from it to the table, and, on 
working the machine, the ball will be envelo⸗ 
ped in a denſe electric atmoſphere. If the 


point be brought in contact with an inſulated 
rubber, and a communication is made from tho 
ball to the table, the atmoſphere will be on the 
point in the tube. If a bottle, poſitively 
charged, be preſented, the appearances in the 
tube will be as delineated in fig. 62. But, 
if a bottle negatively charged be thus ap- 


ey che e will be as in fig 6 br * 
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This tube, when mounted on its inſulating 
ſtand, may be uſed inſtead of the prime con- 
- Autor, and all the common experiments may 
be performed with it; the tube will be lumi- 
nous ee the whole of the operation. 


Of the Direftion of the Eleftric Matter, 4% : 
the Diſcharge of the | Leyden Phial. © 


EXPERIMENT "OX. 


Place à charged jar on a ſmall glaſs ſtand 
under the receiver of an air pump; as the re- 
ceiver is exhauſting the electric fire will iſſue 
from the wire of the phial, in a very lumi- 
nous pencil of rays, and continue flaſhing to 
the coating till the air is exhauſted; when the 
jar will be found to be diſcharged. 

If the phial is charged negatively, Big cur- 
rent of fire will appear to hve a different di- 
tection from that which it had before. 

From this experiment we may infer. the | 
effects of the atmoſpheric preſſure 6pon the 
charge of the Leyden phial, and learn that it is 
the natural boundary to every charge of ele&rie 
city. we can give; and, conſequently, that a 
Phial would contain double the charge, in air 
doubly condenſed, as it does in the common 


atmo- 
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atmoſphere, ſince it would increaſe the — 
VENEERS atmoſphere; (| ' 


| Exynninany cx.” 


Place a finatt lighted raper teen Gie 80 | 


balls of the univerſal diſcharger, _ then paſs a 


very ſmall charge of a poſitive phial through 


them, and the flame of the taper will be at- 
tracted in the direction of the fluid U FONG 
Wan e 4 . 


Exprnrinnt rv. 


* 


The ſame ſmall charge frm 2 negative bone 


will reverſe the appearance. | 

In both theſe experiments it is neceſſary to 
uſe the leaſt charge that can be given, juſt 
ſufficient to leap the interruption in the cir- 
euit. 


2 


Exprniman®., . CXV. 


„ies 2 card on the table of che vhiverſal 
diſcharger, and bring one of the points under 
the card, then connect this point with the cot 
ing of a jar poſitively charged, place the other 
point on the top of the card, and at about an 
inch and a half from the former; now compleat- 
ks RO by - bringing —— rod 

Y from 
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from the laft wire to the top of a bottle, ad 
the electricity will paſs through the upper wire, 
along the ſurface of the card, till tr comes to 
the point which | is underneath, where it wilt 
make a hole in the card, and paſs through 
the wire to the coating of the bottle. See 


bg: oW 


Eonneliner xv. 


Fot oak balls, A, B, C, D, is plied 
at equal diſtances from each other, from the 
balls of the diſcharging rod, and from the 
coating of a poſitively charged bottle; on ma- 
king the diſcharge, the ball A next the rod 
was repelled to B, which was again repelled rd 
E, C remained immoveable, but D flew to the 
coating of the bottle. * | 
ExPgaIMENT CXVII. 

Take a card, and paint both fides with cin“ 
nabar about the breadth of the finger, fix tis 
card vertically by a little wax on the table of 
the univerſal diſcharger, let the pointed ends of 
one of the wires touch one fide of the cardy 
and the end of the other wire the oppoſite fide z 
the diſtance of the points from each other muſt 


be * to the ſtrength of the charge; 
diſcharge 
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diſcharge a. jar throngh the wires; and the 
black mark, left by the exploſion on the co- 
loured band, ſhews that the electric fluid paſſed 
from the wire, communicating with the infide 
bf the bottle, to that which communicates 


* » 


with the outfide, againſt which it makes a 


hole; 


Experi ments which ſeem to mi litate againfl 
the received Theory of Eleni. 


ExPERIMENT CxvIII. 


Let the furfaces of an ᷑lectric plate be very 
flightly charged and inſulated, let an inter- 
rupted circuit be formed, the two powers will 
be viſible, illuminating the points of the inter- 
rupted circuits, and each power will appear to 
extend farther from the ſurface contiguons t6 
it, the ſtronget the charge is communicate to 
the plate; but, if the illuminations on each 
ſide meet, there will immediately follow an 
exploſion of the whole charge; 


EXPERIuINxT cxix. 


If a cylindrical plate of air, contained in the 


leer of an air-pump, be charged, it is ob- 


1 Ss ſerved, 
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ferved, the more air that is exhauſted from 
between the ſurfaces che more eaſily the pow- 
ers un unite. 


ExPpERIMENT CRX. 


If an exhauſted receiver be made part of the 
electric circuit, and the charge ſhould not be 
ſufficient to cauſe an exploſion, an electric light 
will appear to proceed in oppoſite direction 
from the parts communicating with the nega- 
tive and poſitive ſurfaces. 


EXPERIMENT CXXI. 


Let a coated phial be ſet on an inſulating 
ſtand, and let its knob be touched by the knob 
of another phial negatively electriſied, a ſmall 
ſpark will be ſeen between them, and both 
| tides of the inſulated phial will be inſtantly 
negatively electrified. 


EXPERIMENT CXXII. 


* Faſten a pith ball electrometer by a little 
wax to the outſide coating of a jar, charge 
the jar lightly with poſitive electricity, and ſet | 

® Encyclopedia Brittanica, Vol. IV, p. 2698. 


— 
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it on an inſulated ſtand; the ball will eicher bot 
diverge, or only à very little; bring the knob 
bf a bottle which is ſtrongly charged with 
poſitive electricity near the knob of the former, 
and the balls will way with EPs clee- 
tricity! 


Exyzximent CXXIII. 


Let the ſame phial; with the pith balls af2 

fixed to its outſide coating, be ſlightly charged 
negatively; and then inſulated, bring the knob 
of a phial, which is ſtrongly electrified nega- 
tively, to that of the inſulated one, and the 
pith balls wilt diverge with negative electri⸗ 


city. 
ExpEAIIM ENT (XXIV. 


Charge a jar poſitively, and then inſulate it, 
charge another ſtrongly with negative electri- 
city, bring the knob of the negative bottle near 
that of the poſitive one, and a thread will play 
between them but, when the knobs touch 
each other, the threads, after being attracted, 
will be repelled by both; The negative elec- 
tricity is ſome-hoW ſuperinduced on the pofitive, 
and, for a few minutes after they are ſeparated, 

12 both 


Aer 


both will appear negatively electriſied; but, 
if the finger is brought near the knob of that 
bottle on which the negative electricity was 
ſuperinduced it will inſtantly be diſſipated, a 
ſmall ſpark will ſtrike the finger, and the bot- 
tle will be poſitively charged as before. 


CHAP. 


ON ELECTRICITY. 7 
HAF. 


Of the Elebirical Battery, and the lateral 
Expliion of charged Jan. 


O increaſe the force of the electric ex- 
ploſion, ſeveral Leyden phials are con- 
nected together in a box; this collection is 
termed an electrical battery. Fig. 65 repre- 
ſents one of the moſt approved form. 

T he bottom of the box is covered with tin - 
foil, to connect the exterior coatings ; the in- 
fide coatings of the jars are connected by the 
wires Þ, c, d, e, f, g, which meet in the 
large ball A; C is a hook at the bottom of 
the box, by which any ſubſtance may be con- 
nected with the outſide coating of the jars ; 
a ball B proceeds from the inſide, by which 
the circuit may be conveniently compleated.. 
The following precautions are neceſſary to be 
attended to by thoſe who make uſe of an elec- 
trical battery. 

To keep the top and uncoated part of the 
Jars dry and free from duſt, and after the ex- 
ploſion to connect a wire from the hook to the 
ball, which ſhould be left there till the battery : 

I 3 is 
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is to be charged again, which will totally oh- 
' viate the inconveniencies . that have occaſi- 
onally happened from the refiduum of a 
charge. 

If one jar in a battery is broke it is impoſſi- 
ble to charge the reſt till the broken jar is 
removed. 

To prevent the jars of a large battery break. 
ing at the tune of the exploſion, it has been 
recommended not to diſcharge a battery through 
a good conductor, except the circuit is at leaſt 
five feet long ; but what is gained on one hand 
by this method is loſt on the other, for, by 
lengthening the circuit the force of the thock 
is weakened proportionably, 

I have been informed, that it is very diff 
cult to break by an exploſion the jars which 
are made of green glaſs, fabricated at News 
caſtle, but have had no opportunity to make 
any experiments on this glaſs myſelf. f 

The force of a battery may be conſiderably. 
increaſed by concentrating the ſpark from the 
exploſion, which is effected by cauſing it to 
paſs through ſmall circuits of non conduct ing 
ſubſtances. By this means the reſiſting medi: 
um, through which the ſpark i is to. paſs, may 
be ſo prepared as to augment its power, If the 
{park is made to paſs through a hole in a plate 
of glaſs, one twelfth or one fixth part of an 

6 inch 
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inch in diameter, it wilt be leſs diffipated; 
more compact and powerful. If the part round 
the hole is wetted with a little water, the ſpark; 
by converting this into vapour, may be con- 
veyed to a greater diſtance, with an ineteaſe of 
rapidity, en with a louder noiſe than 
common. 

Mr. Morgan, ho * to chele a . ſome 
other circumſtances, has melted wires, &c. 
with ſmall bottles. I hope he will be induced 
to communicate this, as well as the reſt of 
his important diſcoveries, to the PER 


Exypn IMENT cxxv. 


Paſs the charge of a ixong battery 3 
two or three inches of ſmall wire, it will ſome- 
times appear red hot, firſt at the poſitive ſide, 
and the redneſs will proceed regularly towards 


the other end. 
rn RIMENT CXXVI. 


Diſcharge a battery through a quire of pa- 
per, a perforation will be made through it; 
each of the leaves is protruded by the ſtroke 
from the middle towards the outward leaves, as 
if the fire darted both ways from the center. 


If the paper is very dry, the fire meets with 
ES” more 
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more difficulty i in its paſſage, a nd the hole is 
' fmall. If that part of the paper, through 
which the exploſion is made, is wet, the hole 
is larger, the light more vivid, and the ex- 


EXPERIMENT CXXVII. 


IE he diſcharge of a battery through a a ſmall 
Keel needle will, if the charge is ſufficient, 
communicate magnetiſm to the needle. 


: ExXPERIMENT - CXXVIIL. 


The diſcharge of a battery through a ſmall 
and ſlender magnetic needle, will generally de- 
ſtroy the polarity of the needle, and ſometimes 
invert the poles thereof. To ſucceed in this 
experiment, it is often neceſſary to paſs ſeveral 
ſtrong charges through the needle before” it is 
removed from the circuit. 55 

It appears, from Beccaria's experiments, 
that the magnetic polarity, which is commu- 
nicated to the needle by electricity, depends 
on the poſition of the needle when the charge 

is ſent through it, and is not regulated by the 


direction of the «ric matter in entering the 
needle, 


Ex- 
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ExPprpgIiMEnNT: CXXIX. 


Diſcharge a battery through a ſlender piece 
of wire, ex. gr. one goth of an inch in diameter, 
the wire will be broken to pieces, or melted, 
ſo as to fall on the table in glowing balls. 

When a wire is melted in this manner, the 
ſparks fly frequently to a conſiderable diſtance, 
being ſcattered by the exploſion in all direc- 
tions. 

If the force of the battery is very great, the 
wire will be entirely diſperſed by the force of 
the exploſion. Small particles of ſuch ſub- 
ſtances as cannot be eaſily drawn into wire, as 
platina, grain gold, ores, &c. may be placed 
in a groove of wax, and then put into the eir- 
cuit, if a diſcharge of ſufficient ſtrength is 
paſſed through them they will be melted. 

The force by which wires are melted by a 

battery varies with the length of the circuit, as 
the fluid meets with more reſiſtance in propor- 
tion as the paſſage through which it is to paſs 
is longer. Dr. Prieſtley could melt nine in- 


TREE 


feet, but at twenty feet diſtance he could e | 
make 6 inches of it red hot, 
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ExPBERINMEYT C XXX. 


Incloſe a very flender wire in a glaſs tube, 
diſcharge a battery through this wire, and it 
will be thrown into globules of different fizes, 
which may be collected from the inner ſurface 
of the tube: they are often found to be hollow, 
and little more than the ſcoria of the metal, 

Many experiments have been made, in order. 
to try the different conducting powers of me- 
tals, by paſſing the diſcharge of a battery 
through them; but it has not yet been deter- 
mined, whether the greater facility with which 
ſome metals are exploded depends on the eaſe 
with which the fluid paſſes through them, or 
whether it proceeds from the degree of reſiſt- 
ance they make to its paſſage, or from a want 
of ductility in the metal, which is therefory | 
leſs capable of expanſion. 


Exypexinznt CXXXI. 


Diſcharge a battery chrooigt 2 chain which 
is laid on paper, and black marks will be left 
on the paper in thoſe places where the rings of 
the chain touch each other; the rings will be 
more or leſs melted at thoſe places. 


Ex- 
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ExPpzxIM ENT CXXXII. 


Take two pieces of window glas, of about 
3 by 2 inches, place a flip of braſs or gold leaf 
between them, leaving the metallic leaf out be- 
yond the glaſs at each end; then place the two 
pieces of glaſs in the preſs of the univerſal diſ- 
charger, bring the points of the wires E T, | 
EF, fig. 33, to touch the. ends of the leaves, 
and paſs a diſcharge through them, which will 
foree part of the metal into the glaſs, and ſtain 
it with a colour which differs from the metal 
that is made uſe of, The metallic leaf ſhould 
be made narroweſt in the middle, becauſe the 
force of the electric fire is in proportion to its 
denſity, which is increafed when the fame quan- 
tity of fire is compelled to paſs through fewer 
conducting particles; © 

The exploſion in melting the ſtripes of leaf: 
gold, &c. renders them non- conducting, and 
leſs- capable after each diſcharge to tranſmit 
another. Some particles of the metal are driven 
into the glaſs, which is really melted ; thoſe 
parts of the metal which lye contiguous to the 
glaſs are the moſt perfectly fuſed. The pieces 
of glaſs which cover the flip of metal are gene- 
rally broken to Pres ws the diſcharger, ' 
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ExyzriMenT CXXXIII. 


Place a thick piece of glaſs on the ivory plate 
ef the univerſal diſcharger, fig. 3, Pl. II, and 
2 thick piece of ivory on the glaſs, on which a 
weight from one to ſeven pounds is to be pla- 
ced; bring the. points of the wires EF ET 
againſt the edge of the glaſs, and paſs the diſ- 
charge through the wires, by connecting one of 
the wires, as EF, with the hook C of the bat- 
tery, fig. 65, Pl. IV, and forming a communi- 
cation, when the battery is charged, from the 
other wire ET to the ball, and the glaſs will 
de broken, and ſome part of it ſhivered to an 
impalpable powder, When the piece of glaſs 
is ſtrong enough to reſiſt the ſhock, the glaſs 
is often marked by the exploſion with the moſt 
lively and beautiful colours, I have been in- 
formed by Mr. Morgan, that if the glaſs is 
cemented down the effect is the ſame as when 
it is preſſed by the weights; and this mode is 
in various experiments more convenient. 


ExrERIU EAT CxxXIV. 


If the diſebarge is paſſed under the piece of 
ivory with the weights upon it, without any 
| wm between the piece of ivory and the table 

| GH 
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GH of the univerſal diſcharger, the weights 
will be lifted up by the lateral force of the dif- 


charge ; the number of weights muſt be pro- 
portioned to the force of the exploſion. 


8 


Exrzaiuiur CXXXV. 


Fig. 66, a, ropyelinity an infulated rod, nearly 

touching a charged jar d, b is another inſulated 
rod, placed in a line with and near to the for- 
mer; make the diſcharge by the rod e, from 
which a chain hangs that does not touch the 
bottom of the jar, and the rod b will receive 
an electrie ſpark, which quits it again almoſt in 
the ſame inſtant, -becauſe the fineſt threads 
hung upon it will not be OY by the | 
ſpark. Flt 
This electrical appearance, „ without the cir- 
cuit of a diſcharging: jar, is called the Lateral 
W 

If pieces of cork, or any light bodies, be 
placed near the exploſion! of a jar or battery, 
they will be moved out of their place in all di- 
rections from the center of the exploſion ; and 
the greater the force of the exploſion, ſo mach 
greater will the diſtance be to which they are 
removed. It is not ſurpriſing, therefore, that 
heavy bodies ſhould be removed to conſiderable 
diſtances by a ſtrong flaſh of lightening. Dr. 


Prieſtley 
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Prieſtley apprehends, that this ſpecies of lateral 
force is produced by the exploſion of the air 
from thę place through which the electric diſ- 
charge paſſes: 

This lateral force is not only exetted in the 
heighbourhood of an exploſion, when it is 
made between pieces of metal in the open air, 
but alſo when it is tranſmitted through pieces 
of wire that are not thick enough to conduct it 
perfectly. The ſmaller the wire is, and the 
greater the fuſion, the greater is the diſperſion 
of light bodies near it. | 


Pave Iu ENT CxXXVI. 


If circuits, different in length and of differ - 
ent ſubſtances, form a communication between 
two charged ſurfaces of an electric plate, it is 
obſerved, the diſcharge will be made through 
the beſt conductors, whatever be the length of 
the others. 

2. If circuits of the fame ſubſtance be dif- 
ferent in length, the diſcharge will be made 
through the ſhorteſt of them- | 

3. If the circuits be the ſame in enn ms 
ſpect, the diſcharge will be made through ma- 
ny of them at the ſame time. 

I have been informed by a gentleman, that 
it was his cuſtom to make a variety of circuits 
| | - "op 
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for the diſcharge of a large jar or battery; and, 
that having a ſufficient number of theſe, he 
could introduce himſelf into. one of them, and 
take his part of the ſhock without inconveni- 
ence, it even was not diſagreeable; and he 


could by this means leſſen the en, an 


to abi 


Pi CXXXVII. 


Mr. Henly made a double circuit, che firſt 
by an iron bar, one inch and a half in diame- 
ter, and half an inch thick; the ſecond, by 
four feet and half of ſmall chain. On diſ- 
charging a jar, containing five hundred ſquare 
inches of coated ſurface, the electricity paſſed 
in both circuits, ſparks being viſible on the 
ſmall chain in many places. On making the 
diſcharge of three jars, containing together fix- 
teen ſquare ſect of coated ſurface, through 


three different chains at the ſame time, fig, 67, 


bright ſparks were viſible. in them all. The 
chains were of iron and braſs, of very differ- 
ent lengths ; the ſhorteſt ten or twelve inches, 


the longeſt many feet in length. When thoſe 


jars were diſcharged through the iron bar bes 
fore- mentioned, together with a ſmall chain, 


_ three-quarters of a yard in length, the whole 
chain was illumined, and covered throughout 
| with 


. 
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with beautiful rays, like briſtles, or golden 
hair. Having placed a large jar in contact 
with the prime conductor, and affixed to the 
coating of it an iron chain, which was alſo con- 
nected with a plate of metal, on which was 
made the diſcharge by the diſcharging rod; 
this done, he hooked another chain, much 
longer, and of braſs, to the oppoſite ſide of 
the jar, and brought the end of it within eight 
inches and an half of the metal plate. In con- 
tact with this end a ſmall oak ſtick was laid, 
eight inches long, which was covered with 
ſaw-duſt of fir- wood. On making the dif- 
charge upon the plate, both the chains were 
luminous through their whole lengths, as was 
alſo the ſaw-duſt, which was covered by a 
ſtreak of light, making a my PR appear- 
_ ance. 

At the glaſs-houſe there is generally a great 
number of ſolid ſticks of glaſs, about one quar- 
ter of an inch diameter; if theſe be examined 
narrowly, ſeveral of them will be found tubu- 
lar a conſiderable length; the diameter of the 
cavity ſeldom exceeds the 2ooth part of an 
inch. Select and break off the tubular part, 
which may be filled with quickſilver by ſuck- 
ing, care being taken that no moiſture previ/ 
ouſly infinuates itſelf; the tube will chen be 
' oa for * ee 


Ex- 
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EXPERIMENT CXXXVIII. 

Paſs the ſhock through this ſmall thread: of 
quickfilvet, which will be inftantly diſploded, 
and will break or ſplit the” tube in a curious 
manner; ® | $74 


EXPERIMENT ' cxXXIX. 


Take a glaſs tube, the bore of which L about 
one quarter of an inch, fill it with water, and 
ſtop the ends with cork, inſert two wires 
through the corks into the tube, ſo that their 
ends may nearly touch, make the ends of theſe 
part of a circuit from a battery ; on the diſ- 
charge, the water will be diſperſed 3 in every di- 
rection, and the tube blown to pieces by the 
diſcharge: 

The electric fluid, like common fire, con- 
verts the water into an highly elaſtic vapour. 
Dr. Franklin, on repeating this experiment 
with ink, could not find the leaft ſtain upon 
the: white paper, on which the tube had been 
placed. Beccaria paſſed the ſhock through. -A 
drop of water, which was ſupported, in the 
center of a ſolid glaſs ball, between the ends 
of two iron wires, and the ball was ſhivered in 
pieces by the exploſion. On this principle he 

K contrived 


* Nicholſon's Introduction to ne, p. 413. 
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contrived what he calls an electrical mortar, 
which will throw a ſmall leaden ball to the diſ- 


tance of twenty feet. It is clear, from ſeveral 


of the foregoing experiments, that the electric 
fluid endeavours to explode in every direction 
the parts of the refiſting ſubſtances through 
which it paſſes. 


ExPERIMENT CXL. - 


Place à building, which is formed of ſeve- 
ral looſe pieces of wood, on a wet board in the 
middle of a large baſon of water, let the elec- 


tric flaſh from a battery be made to paſs over 


the board, or over the water, or over both; 
the water will be ftrongly agitated, and the 
building thrown down. The report is louder 
than when the explofion paſſes only through 
the air. The electric fluid endeavours to pals 
near the ſurface of the water where it meets 
with more refiftance, than if it is forced to paſs 
through it. This partly ariſes from the power 
the electric fluid has of raifing an expanſive . 


vapour from the ſurface of the water, which 


drives off the reſiſting air. 

A diſcharge paſſed over the ſurface of a piece 
of ice will leave on it ſmall unequal cavities, 
exhibiting the ſame appearance as if a hot 


chain had been placed on it. 


4 


ON ELECTRICITY. 131 


A diſcharge ſent through a green leaf tears 
the ſurface in various directions, leaving an 
image in miniature of ſome of the effects of 
lightening: A diſcharge will paſs to a certain 
diſtance over ſpirit of wine, without, inflaming 
it; but, if the-diſtante is inereaſed, it will ſet 
it on ſire: From hence it appears, that the 
facility with which the electric fire is tranſmit- 
ted over the ſurface of moiſt ſubſtances, des 
pends on the eaſe with which they are turned 
into vapours: 

The difcharge; in Ai wh particles of 
metals, drives into its paſſage the conducting 
vapours which ariſe from them; and, in pro- 
portion as the parts of any body are more rea- 
dily driven into vapour or duſt, the ſpark will 
tun to a greater diftance; . 

Exyertment CXLE 

If a wire is ſtretched by weights, and 4 
ſhock is ſent through it that will render it red 
hot, it is found to be conſiderably lengthened 


after the diſcharge: When the wire is looſe, 
it 15 ſaid to be ſhortened by the exploſion. 


ExPERIME NT CXLII. 


If a long narrow trough of water is made 
part of the eircuit in the diſcharge of a battery, 
K 2 ; and 
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and a-perſon's hand be immerged in the water 
at the time of the exploſion, he will feet an odd 


vibration in the water, very different from an 
electrical ſnock. The quick ſtroke from the 


repercuſſion of the air and the vapour, is com- 
municated to the hand by the water, and the 


hand receives a ſhock fimilar to that received 
8 ul map at ſea ni an eee 


EXPERIMENT CXLIII. 


Place a plain piece of metal between the 
points of the univerſal diſcharger, paſs ſeveral 
exploſions of a battery through the wires, and 
the diſcharges will gradually form on the 
metal different circles, beautifully tinged with 
the priſmatic colours. The circles appear 
ſooner, and are cloſer to each other, the nearer” 
the point is to the ſurface of the metal. The 
number of rings, or circles, depend on the 
ſharpneſs of the point ; the experiment there- 
fore ſucceeds better if a ſharp needle is faſtened 
to one of the points of the diſcharger. 

Several very curious experiments were made 
by Dr. Watſon and others, to aſcertain the diſ- 


' tance to Which the electric ſhock might be 


conveyed, and the velocity with which it moves. 
In his firſt experiment, the ſhock was given 
and ſpirits fired by the electric matter which 
88. had 
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had been conveyed through the river Thames. 
In the next experiment, the electric fluid was 
made to paſs. through a circuit of two miles, 
croſling the New-river twice, going over ſeveral 
gravel pits, and a large field. It was afterwards: 
conveyed through a circuit of four miles. It 
paſſed over theſe ſpaces inſtantaneouſly- as to 
ſenſe. © This ſenfible inſtantaniety in the motion 
of the electric fluid, was aſcertained: by an ob- 
ſerver, who, though in the room with the 
charged phial, was, at the ſame time, in the 
middle of a circuit of two miles, and felt him- 
ſelf ſnocked at the ſame n he ſaw bn * 
diſcharged. 2; 
_ Notwithſtanding; this carpeting 5 it 
is certain, that both ſides of a charged phial 
may be touched ſo quickly, even by the beſt 
conductors, that all the electrie matter has not 
time to make the circuit, and the phial will 
remain but half diſcharged; and there are ſe- 
veral inſtances where its motion appears ſlow, 
and not eaſily reconcilable with this immeaſura- 
ble velocity; and it is alſo certain, that this 
fluid is reſiſted in its paſſage through, or over, 
every ſubſtance. 
The wonderful part of the foregoing experi- 
ments will vaniſh, if we admit the reaſoning of 
Mr. Volta on this ſubject; and the reader will 
find his reaſoning conſiderably ſtrengthened by 
K 3 ; experi- 
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experiments 118, 119, 120 of this eſſay, which 
were originally made by Mr. Atwood; though 
it muſt be owned, theſe experiments ſeem to 
lead much further, and give an idea of the direc- 
tion of the clectric fluid in the diſcharge of the 
Leyden phial, which differs n from the 
received theory. i e | 

The following account is extracted from a 
very long paper of Mr. Volta, in the e 
de Phyſique for 17792? | 

Let us ſuppoſe that a, 5, c, Fl e, fi g, B 
i: E, I, m, n, o, hold hands; let 2 1 
the outſide of a charged Leyden phial, and 
touch the knob ; at the inſtant o receives the 
fire diſchatged from the infide by the knob, 4 
will furniſh from his natural ſtock to the out- 
fide, without waiting till the fire arrives to him 
from o, by u, to mn, &c. in the mean while 
the loſs of @ is compenſated from 6, and 5 
is furniſhed with freſh matter from c, and fo 
on. It is ſtill true, that there is but one 
ſtream, if we conſider only the direction of the 
fluid, which is excited ſimultaneouſly at the 
two extremities, and moves at the ſame inſtant 
of time; though, to ſpeak more accurately, 
it is not one ſtream, but two united in one. 
If the extream rapidity with which the fire 
paſſes, did not prevent our perceiving the ſuc- 
ceſſive commotions received by the perſons who 


ON ELECTRICITY. 125 


form the chain, we ſhould find they did not 

| follow the order o, u, m, I, but were felt 

ſumultaneouſly, firſt at the two extremities 0. 

and a, then at » and 6, m and c, &c. advan- 

cing towards the middle of the chain. Agree- 
able to this, if the bottle is ſmall, the longer 
the circuit is made, thoſe who are furtheſt 

from the extremities find the ſhock weaker. _ 
To render this account more clear, ſeparate . 
the circuit, and form on a dry floor two rows, 
a, by c, d, — e, f, g, b, interrupted in the 
middle; let 4 graſp the bottle by the outſide, 
and à excite. the diſcharge by touching the 
knob of the bottle; now, if the electric fire was 
obliged to take the ſhorteſt courſe to come to 
the exterior and negative ſurface, it ought to 
deſcend to the feet of e, paſs over the boards 
to the feet of d, and then through him to the 
outſide, without acting on , g, b, which. 
would be out of its circuit. But, contrary to 
this, the fluid goes out of the direct courſe, to 
follow that of the conducting perſons, which 
afford it a proper receptacle, and comes to the 
outſide by another ſource. The fire which goes 
from the inſide from e to , g, l, gives them 
a ſenſible ſenſation in their hands and their 
heels, ſhewing itſelf by a ſpark, if the hands 


and the feet are ſeparated a little from each 


other, and finiſhes by diffipating itſelf in the 
K 4 common 
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common reſervoir. In the ſame manner d, 
who firft gives the fire to the outſide, receives 
it ſucceſſively from c, 5, a, who all draw it 
in from the floor. The ſtream therefore which 
proceeds from the knob of the bottle, paſſing 
through the conducting ſubſtance, loſes itſelf 
in the general ſource; while, from the ſame 


ſource, a ſufficient quantity is taken to fupply 


the deficiency of the exterior ſurface, 

If , g, B, do not form a chain, but are 
irregularly placed round e, the pofitive part of 
the fluid may be ſeen to fpread itſelf on differ- 


ent fides, and divide itſelf in different branches 
to reach the floor. The fluid will in the ſame 


manner riſe from the floor to reach 4, if a, b, 
and = are irregularly placed round him; ſo 
that each ſurface excites its own ſtreatn ; one 


that enters the bottle, the other proceeding / 


from it. Thus alſo, in the foregoing experi- 
ments of Dr. Watſon, where it has been ſup- 
poſed that the electric fluid has made ſuch 


amazing circuits through rivers, over fields, 


&c. The fluid from the infide was diſperſed 


in the river, at the inſtant that the outfide col-' 
lected, from the ſame ſource, . for its 
own deficiency. 
It appears alfo, from other experiments, 
that one fide of a charged electric may contain 
e 
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more of one power than is ſufficient to balance 
the contrary power on the other fide. For, if 
a charged jar 1s inſulated, and the diſcharge i iS 
made by a diſcharger with a glaſs handle, after 
the exploſion, the diſcharger, and both fides of 
the jar, will poſſeſs a contrary power to that 
which obtained on the fide of the jar, which 
was touched the laſt before the diſcharge, 
It may not be improper to introduce here an 

hypotheſis which has been offered to the n 

inſtead of the received theory. | 


ax FEDT TEL ST 

1. The two electric powers exiſt together in 
all bodies. 

2. Since they counteract each other when 
united, they can be made evident to the ſenſes 
only by their ſeparation. 5 

3. The two powers are ſeparated in non- elec- 
trics by the- excitation of electrics, or oy the 
application of excited electries. 

4. The powers amen be "Rparated' 1 in electric 
ſubſtances. 

5. The two electricities attract each other 
ſtrongly through the ſubſtance of electrics. 
Ulectric ſubſtances are imper ious to the two 


electricities. 
7. Either power, when applied to an e 


trified body, repels the power of the ſame ſort, 
and attracts the contrary power.” | 


CHAP. 
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On the e of pointed ConduZtors for 
Buildings | 


HE importance of electricity, as well as 

its univerfal agency, becomes more con- 
ſpicuous, in proportion as our acquaintance 
with it increaſes. We find no ſubſtance in na- 
ture which is not acted on by it, either as a 
conductor or non- conductor; and diſcover, the 
krprizing phenomena of thunder and lighten- 
ing owe their origin to and are of the ſame na- 
ture with it. Very little progreſs had been 
made in electricity when the analogy between 
the electrie {park and lightening was diſcovered ; 
but the ſublime idea of realizing theſe conjec- 
tures, and proving; that the fire which flaſhes. 
in the ſky is the ſame agent which explodes and 
gives a ſhock in our experiments, was given to 
Dr. Franklin ; who alſo firſt ſuggeſted the utility 
of pointed conductors of metal, to preſerve. 
buildings from the dreadful effects of lighten- 
ing; an idea which was received with general 
applauſe and approbation. Since this period, 
many electricians have been induced to 
change their opinion relative to the utility 
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of theſe conductors; and, among thoſe who 
underſtand the ſubject well, it has been diſ- 
puted, whether the preference ſnould be given 
to a conductor with a pointed end, or to one 
which has an obtuſe termination. | 

The experiments which have been made on 
this ſubje& are very numerous, but the greater 
part appear to me very inconcluſive, and- pre- 
ſent only a very partial view of the ſubject. 

A pointed conductor, which communicates 
with the earth, has not any particular power of 
attraQing electricity, and acts only as any other 
conic ſubſtance which does not refiſt the 
paſſage of the electric fluid. 

It is true, that electricity paſſes with more caſe 
from an electrified body to a conductor which is 
pointed, than to one which is flat or globular; 
becauſe, in this caſe the elaſticity of the electrie 
fluid, and its power to break through the air, 
are weakened by the flat ſurface, which acquires 
a contrary electricity, and compenſates the di- 
miniſhed intenſity more than a point can; the 
point being eaſily rendered negative, while the 
effort of the fluid to eſcape from the electrified 
body is greater than when it is oppoſed by a 
flat ſurface. So that it is not the particular 
property of a point, or flat, but the different 
ſtate of the electrified body, which cauſes it 
to part with its electricity eaſier, and from a 
greater diſtance, when a pointed conducting 

ſub- 
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ſubſtance ii is preſented to it, than it does to a 
flat or globular conductor. 


The capacity of conductors to hold electri - 
City is in proportion to the ſurfaces which are 


free, or uninſſuenced by a ſimilar atmoſphere ;- 


a circumſtance which will, more or leſs, affect 


thoſe conductors which are applied to buildings, 


according to the ſtate of the clouds and their 


atmoſphere, the time their influence has been 


exerted, the nature of the conducting ſtrata of 


the earth, and its electric ſituation. 

Fig. 68 repreſents the gable end of a houſe, 
fixed vertically on the horizontal board FG; 
z ſquare hole is made in the gable end at hi, 
into which a piece of wood is fitted; a wire is 


inſerted in the diagonal of this little piece; two 


wires are alſo fitted to the gable end; the lower 


end of one wire terminating at the upper cor- 
ner of the ſquare hole; the top of the other 


wire is fixed to its lower corner; the braſs ball 
on the wire may be taken off, in order that the 


pointed end may be occaſionally expoſed to re- 


ceive the exploſion. 


ExPERIM EXT CXLIV. 


Place a jar with its knob in contact with the 


0 


conductor, connect the bottom of the jar with the 


book H, then charge the jar, and bring the ball 
under 


® Sce Volta's Paper, Phil. Tren. vol. 72. 
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under the conductor, and the jar will be diſ- 
charged by an exploſion from the conductor to 
the ball of the houſe. The wires and chain 
being all in connexion, the fire will be conveyed 
to the outſide of the jar without affecting the 
houſe; but, if the ſquare piece of wood is 
placed ſo that the wires are not connected, but 
the communication cut off, the electric fluid, 
in paſſing to the outſide of the bottle, will 
throw out the little piece of wood to 2 confi- 
derable diſtance by the lateral force of the ex- 
ploſion. See fig. 68. 

Unſcrew the ball, and let the point which is 
vnderneath be preſented to the conductor, and 
then you will not be able to charge the jar; for 
the ſharp point gradually draus the fire from 
the conductor, and conveys it to the coating 
on the outſide of the } Jar. 
The prime conductor is ſuppoſed to repreſent 
a thunder cloud diſcharging its contents on a 
weather cock or any other metal, at the top of 
i building, From this experiment many have 
inferred, that if there is àa connection of metal 
to conduct the electric fluid down to the earth, 
the building will receive no damage; but, 
where the connection is imperfect, it will ſtrike 
from one part to another, and thus endanger 
the whole building. 


Ex- 
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- J 2 hs p 
Mr. Henly affixed to the top of a glaſs 
ftand a wire, three-eighths of an inch in di- 
ameter, terminated at one end by a ball, three- 


fourths of an inch in diameter, and at the other 


end by a very ſharp point; (ſee fig. 69) round 
the middle of this wire hung a chain, 12 inches 
long; he connected the chain with the coating 
of a charged bottle, and brought the knob of 
it very gently towards the ball on the inſulated 
wire, in order to obſerve preciſely at what diſ- 
tance it would be diſcharged upon it, which 
conſtantly happened at the diſtance of half an 


inch, with a loud and full exploſion. Then 


charging the bottle, he brought it in the ſame 
gradual manner towards the point of the inſu- 


lated wire, to try alſo at what diſtance it would 


be ſtruck ; but this, in many trials, never hap- 
pencd at all ; the point being approached in 
this gradual manner, always drew off the charge 
imperceptibly, leaving ſcarce a ſpark in the 
bottle, | | 


Ex PER IMENT CXxXTYL. 


The fame gentleman connected a jar, con- 
taining 509 ſquare inches of coated ſurface, 
with the prime conductor. (See fig- 68) If 
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the jar was ſo charged as to raiſe the electrumo- 
ter to 60, by bringing the ball on the wire of 
the thunder houſe to half an inch diftance from 
that connected with the prune conductor, the 
jar would be diſcharged, and the piece in che 
thunder houſe thrown out to à conſiderable 
diſtance. Uſing a pointed wire as a conductor 


to the thunder houſe, inſtead of the knob, the 


charge being the ſame, the jar was diſcharged 


ſilently, though ſuddenly, ang ne Pioce was 


not thrown out. 
Ex y exrMenT CXLVII. 


He afterwards made a double circuit to the 
thunder houſe ; the firſt by a knob, the ſecond 
by a ſharp pointed wire, at an inch and a quarter 
diſtance from each other, but exactly the ſame 
height. The charge being the ſame, the knob 
was firſt brought under the prime conductor, 


which was half an inch above it, and followed 
by the point at an inch and a quarter diſtance, . 
yet no exploſion fell upon the ball, as the point 


drew off the charge filently, and the piece in 
the thunder houſe remained unmoved. 


Foes ny CXLVIIL. 


He infulared a large jar, and connected, by 
ans, with the external coatihg, on one fide; a 
knob, 


_ 
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knob, on the other a ſharp pointed wire, both 
being inſulated, and ſtanding five inches from 
each other, (ſee fig. 50). and placed an inſu- 
lated copper ball, eight inches in diameter, fo 
as to ſtand exactly at half an inch diſtance both 
from the knob and the point ; the jar was then 
charged, and the diſcharge made by the diſ- 
charging rod on the copper ball, from whence 
it leaped to the knob A, which was three- 
quarters of an inch in diameter, the jar was 
diſcharged by a loud and full exploſion, and 
the chain was very luminous. 


 ExXPERIMENT CXLIX. 


Mr. Henly ſuſpended by a ſilk firing fror 
dne end of a wooden bar, which turned freely 
in a horizontal direction upon the point of a 
needle, a large bullock's bladder, gilded with 
leaf copper; the bladder was balanced by a 
weight at the othet end of the arm ; (ſee fig. 
71) he gave a ſtrong ſpark from. the knob of a 
charged phial to the bladder, he then preſented 
towards it a braſs ball, two inches diameter, 
and obſerved that the bladder would come to- 
wards it at the diſtan ce of three inches, and 
when it got within an inch, would throw off 
its electricity in a full ſpark. He then gave it 
another ſpark, and HT a pointed wire to- 

wards 
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wards the bladder, which never approached 
to the point, nor ever gave any ſpark, the elec- 
-e erde carried off. 


A* * kerterusvt CL: 


Take two or zhen fine. —— a a fafs 
ten one of them to the eonductor by a fine 
thtead another lock to that, and a third to the 
ſeconq put the machine in action, and the locks 
of cgfton will expand their: filaments, and will 
extend themſelves towards the table. Preſent a 
ſharp'point under the loweſt and it will ſhrink 
up towards the ſecond, and this towards the 


firſt, and altogether towards the prime con- 


ductor, where they will continue as s Jong as the 
point ,remains under them. 


e860 nth . cu, 5 


Faſten a number = fine threads or hate td 
the end of the prime conductor; when the cy- 
linder is turned, chele will diverge | like rays 
proceeding from a center ; continue turning the 
F cylinder, and preſent a point towards one fide 


of the conductor, and the threads on one ſide 


will hang down, and loſe their divergence, but 


thoſe on the other fide will Qill continue ta di- | 


verge; which ſhews, that the Power of points 
I. 2 1 e 


— 
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to draw off electricity does not extend round 
che electriſied body when means are uſed to be 
up the ſupply of electricity. | 
Fig. 72 repreſents an oval board, three foee 
lcag and two feet broad, coated on both ſides 
with tin- foil, and ſuſpended by filk lines from 
the double heck, this turns on an axis, which 
is faſtened to one arm of a nice balance, and 
counter-poiſed at the oxher arm by a weight; 
part of the table underneath” the board is to be 
covered with tin-foil, and communicate to the 
floor by a a e | * 3677 


"ExPERIMENT CLII. 


| Connect the pendulous board with the ptime 
conductor by a ſmall wire, a few turns of the 
machine will electrify the apparatus. When 
this experiment was made, the board wag 
attracted by the table at 15 inches diſtance, and 
diſcharged itſelf with a ſtrong ſpark; the ſame 
happened to a metal ball which was placed on 
the table, the board approaching till it was 
about one inch from the ball, and then diſ- 
charging itſelf by a ſpark. If a point is 
fixed on the board inſtead of the knob, the 
pendulous board, though it begins to approach, 
{ps at about four or five inches from the table, 
and it will not approach nearer or give a ſpark : 
a ſmall light is ſeen upon the point in the dark. 


7 
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1 Leyden Phial was then connected with the 


prime conductor; it now required more turns 
of the machine to charge the apparatus, the 
offect was the ſame as "before! The counter- 
poiſe was now held, that che board might not 
deſcend till it had received a full charge; when 
ſet at liberty, it was not only attracted by, but 
alſo gave a loud exploſion on the point, inſo- 


much, that the tin-foil round it Was ſtained * 


the bee d = fire. 


The following experiment is extracted from 
* An Account of Experiments made at the 
Pantheon on the Nature and Uſe' of Con- 
duRors,” by Mr. Wilſon: It was made in 
order to point out what he deemed -erroneous 
in an experiment of Mr. Henly, which i is the 
148% of this effay. 


The circuit of communication ws divided 
into two parts: : 


A bent rod of braſs, . 1 ball of the "Le 2 


nietal, three quarters of an inch in diameter, 


ſcrewed on to the upper extremity of it, and 
a copper ball, five inches in diameter, ſcrewed. 
on to the lower end, forms one of the parts. 
This part was ſupported by a ſtand of wood 
that had a cap of braſs at the top, into which 


the braſs rod was occafionally ſcrewed,” 


1 ; The 


— £ 
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The other part of the circuit conſiſted of 4 
braſs rod alſo; one end of which branched out 
in the form of a fork, with two prongs that 
pointed towards the center of the copper ball; 
and thoſe prongs were ſo conſtructed, that either 
of them could be made longer or ſhorter, juſt 
as the experiment required. On the end of 
one of the prongs was fixed a ball of braſs, 
three quarters of an inch in diameter, and on 
the other a ſharp ſteel point or needle. The 
ſhoulder of this fork ſcrewed into a ſmall plate 
of iron, that was fixed on the inſide of a wood- 
en veſſel, which contained the greateſt part of 
a cylindrical glaſs jar, twelve inches three 
quarters high, and about four inches in dia- 
meter. This glaſs was rather thick than other- 
wiſe, and the coating of it (which was tin-foil) 
meaſured nearly 144 ſquare inches on each ſur- 
face. ' Beſides this coating, part of the infide 
of the wooden veſſel was coited alſo with tin- 
foil, for the purpoſe of making a ſecure com- 
munication between the iron plate and the out- 
ward coating of the jar. Within the jar itſelf 
was fitted a cylinder of wood, that was covered 
with tin-foil alſo, to make a communication 
between the infide coating of the glaſs and a 
braſs rod, that was fixed upright- in the center 
of the wooden cylinder. This upright rod 
having a ball of braſs at the end, three quar- 
ters 
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ters of an inch in diameter, was bent towards 
the firſt part of the circuit; ſo that the two 
balls A and B, in fig. 73, being upon a level, 
looked towards each other, but were placed 
from time to time at different diſtances, as oc- 
caſion required; and thus anſwered the purpoſe | 
of an electrometer. 

Mr, Wilſon began the experiments where 
the electrometer was ftruck at the greateſt 
diſtance, and then adjuſted the diſtances of the 
ball accordingly; fo that if the point was 
ſtruck when they were adjuſted, the moving of 
the ball the thirty- ſecond part of an inch would 
occaſion the ball to be ſtruck in preference to 
the point, and vice ver ſa. Afterwards he leffen- 
ed the ſtriking diſtance of the electrometer, in 
every experiment, till he attained the leaſt 
diſtance. | 

Upon reverſing part of the apparatus, and 
fixing the ball to the bottle, and the fork to 
the ſtand, all thoſe experiments were repeated 
again ; the copper ball being put neareſt ro rhe 
olaſs, in the place of the forked part, and the 
forked part in the place of the copper ball. 
This ſet of experiments being compleated, he 
made others, where the ball only was oppofed ; 
and after them, where the pojnt only was op- 
poſed to the copper ball. 2 

5 Having 
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Having gone through all theſe experiments, 
as they are ſet down in the firſt table, he then 
repeated the experiment with the chain, after 
Mr. Henly's manner. The reſult of which, 
and with the apparatus reverſed, will appear | 
in the ſecond table. for | 
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EXPERIMEN s made ir Dr. Hiociks's, | 


131 


Fune 19, 1778, with the LEYDEN PHIAL 
and forked Apparatus, f 


N. B. The meaſures expreſſed in the following tables were 


taken from à feale” containing 32 parts in one inch. 


The number oppoſite the word electrometer, denotes the 
diſtance between the balls which conſtituted the electro- 
meter; and the numbers oppoſite to the words ball and 


point, ſhew the 
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ſpectively ſtruck. 
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greatelt diſtance at which they were re- 


| Apparatus Ball Pt, 
only, only. 


10. 


20 


TABLE 


155 


to Vine 5 


I N AN ESS AT 


TABLE 
EXPERIMENTS with the CHAIN, 


II. 


after Mr. HENTY's manner, 


Point and Ball oppoſite 
the Leyden Phial. 


Electrometer 21 


Jail — — 26 — 
(Point — 24 — 


TA „ K 


| 
— — 920 


Apparatus reverſed. 


repeated [ 7 5 
Vr 


at differ- 
ent times. 


The EXPERIMENTS 3 2d and 3 
Table, repeated at Mr. PAR TINOGCTON's, 


June 23, 1778, a Braſs CHAIN being made 
ule of inſtead of PE wee Apparatus. 


Ball and Point op 
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C Eyer fince the diſcovery of the identity of 
electricity and lightening, it has been allowed 
by all parties, that conductors of ſome kind are 
in a manner neceſſary for the ſafety of build- 
ings in thoſe countries where thunder ſtorms 
are very frequent. The principle on Which 
they act is this: that the electric fluid, when 
impelled by any power, always goes to that 
place where it meets with the leaſt reſiſtance. 
Now, as metals are found to give the leaſt re- 
ſrſtance to its paſſage, it will always chooſe to 
run along a metaline rod, in preference to a 
haſſage of any other kind. But it is neceſſary 
to obſerve here, that electricity never ſtrikes 
a body merely for the ſake of the body 
itſelf, but as by means of that body it can 
arrive at the place of its deſtination. When 
a quantity of electricity is collected from 
the earth, by means of an electric machine, a 
body communicating with the earth will receive 
a ſtrong ſpark from the prime conductor; it 
receives this ſpark not becauſe it is capable of 
containing all the electricity of the cylinder 
and conductor, but becauſe the natural ſituation 
of the fluid being diſturbed by the motion of 
the machine, a ſtream of it is ſent off from the 
earth, The natural powers, therefore, make 
an effort to ſupply what is thus draincd off from | | 
the a and, as the individual - quantity. t 
Poke | 7, 2 
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which comes aut is moſt proper for ſupplying 
the deficiency, as not being employed for any 
natural purpoſe, chere is always an effort made 
for returning it to the earth. No ſooner, then, 
is a conducting body, communicating with the 
earth, preſented to the prime conductor, than 
the whole effort of the electricity is directed 
againſt that body; not merely becauſe it is a 
conductor, but becauſe it leads to the: place 
where the fluid is directed by the natural pow- 
ers by which it is governed, and at which it 
would find other means to arrive, though that 
body were not to be prefented, That this is 
the caſe we may eaſily fee, by preſenting the 
" fame conducting ſubſtance in an inſulated ſtate 
to the prime conductor of the machine, when 
we ſhall find only a fmall fpark will be pro- 
duced. In like manner, when hghtening ſtrikes 
4 tree, a houſe, or a thunder-rod, it is not be- 
cauſe theſe objects are high, or in the neigh- _ 
bourhood of the cloud, but becauſe they com- 
municate with ſome place below the ſurface of 
the ground, againſt which the impetus of the 
lightening is directed, and at that place the 
lightening would certainly arrive. though none 
of the above-mentioned we had been inter- 
poled. | 
When the atmoſphere begins to be . | 
fied, either negatively or poſitively, the earth, 
by 
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by means of the inequality and moiſture of its 
ſurface, but eſpecially by the vegetables which: 
grow upon it, abforbs that electricity, and 
quickly becomes electrified in the ſame man- 
ner with the atmoſphere; this abſorption, hows" 
ever, ceaſes in a very ſhort time, becauſe” it 
cannot be continued without ſetting in motion 
the whole of the electric matter contained in 
the earth itſelf. Alternate zones of poſitive 
and negative electricity will then begin to take 
place below the furface of the earth, for rea- 
ſons given in the courſe of this eſſay. Be- 
tween the atmoſphere and one of theſe zones 
the ſtroke of lightening will always be. Thus, 
ſuppoſing the atmoſphere is pofitively electri- 
fied, the ſurface of the earth will, by means 
of trees, &c. quickly become poſitively electri- 
fied alſo, we will ſuppoſe to the depth of ten 
feet: the electricity cannot penetrate further, 
on account of the reſiſtance of the eleAric mat- 
ter in the bowels of the earth. At the depth 
of ten feet from the ſurface a zone of negativelx 
electrified earth begins, and to this zone the 
electricity of the atmoſphere is attracted; but 
to this it cannot get, without breaking g through 
the poſitively electtified zone, which lies up- 
permoſt, and ſhattering to pieces every bad 
conductor which lies in its way. We are there- 
fore ſure, that in whatever place the outer zone 
of 
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of 3 electrified earth is thinneſt, . 0 
the lightening will ſtrike, whether a conductor 
| happens to be. preſent or not. If there is a 
conductor, either with a knob or ſharp pointed, 
the lightening will infallibly ftrike it: but it 
would alſo have ſtruck a houſe ſituated on that 
ſpot without any conductor; and if the 
houſe had not been there, it would have ſtruck 
the ſurface of the ground itſelf. Again, if we 
ſuppoſe the houſe with its conductor to ſtand 
on a part of the earth where the poſitively 

electrified zone is very thick, the conductor 
will neither filently draw off the electricity; 
nar will the lightening ſtrike it; though, per- 
haps, it may ftrike a much lower object, or 
even the ſurface of the ground itſelf at no great 
diſtance; the reaſon for which undoubtedly is, 
that there the poſitively electrified zone is thin- 
ner than where the conductor was, 

Jo ſuppeſe that a pointed eonductor will 
exhauſt a thunder cloud of its electrieity, muſk. 
at firſt ſight appear triſſing, to inſiſt on it, ridi- 
eulous. Innumerable objects are all conſpiring 
to draw off the electricity as well as the con- 
ductor, if it could be drawn off; but of ef- 
fecting this, there is an impoſſibility, becauſe 
they have the ſame kind of aner with the 
clouds ne | 
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« Beſides, | 
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e Befides, Becaria has obſerved, that durimig 
the progreſs and increaſe of the ſtorm, though 
' the lightening frequently ſtruck to the earth, 
yet the ſame cloud was the next moment ready 
to make a greater diſcharge, and his apparatus 
continued to be as much affected as ever. 

« The conductor has not even the power of 
attrafing the lightening a few feet out of the 
direction it would/choole itſelf : of this we have 
a moſt decifive inſtance in what happened th 
the magazine at Purfleet, in Eſſex. That 
houfe. was furniſhed with a conductor, raiſed 
above the higheſt part of the building; never- 
theleſs, a flaſh of lightening ſtruck an iron 
cramp in the corner of the wall of the build- 
ing, conſiderably lower than the top of che 
condodor, and only forty-fix feet! in a C OT 
line diſtant from the point. 

*The conductor, with all its power of 
drawing off the electrie matter, was neither able 
to prevent the flaſh, nor to tura it forty -x feet 
out of its way: The matter of fact is, the 
lightening was determined to enter the earth 
at the place where the Board-houſe ſtands, ot 
near it; the conductor, fixed on the houſe, 
offered the eaſieſt communication, but forty-ix 
feet of air intervening between the point of the 
conductor and the pl:ce of the exploſion,” the 
reſiſtance was leſs through the blunt cramp of 


* 
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iron, and a few bricks moiſtened with the rait 
to the ſide of the metalline conductor, than 
through the forty-fix feet of air to its point, 
for the former was the way in which the light- 
ning actually paſſed. 


The ziz-2ag kind of lightening is the moſt 


dangerous, becauſe it muſt overcome a very 


violent fefiſtance of the atmoſphere, and where- 
ever that reſiſtance is in the ſmialleſt degree 
leſſened, there it will undoubtedly ftrike, and 
even at a conſiderable diſtance. It is other wiſe 
with that kind which appears in flaſhes of no 


determinate form: the electric matter of which 


is evidently diſſipated in the air by ſome con- 


ducting ſubſtances which are preſent there, and 


they are therefore rendered leſs powerful. 
The moſt deſtructive kind of lightening 
is that which aſſumes the form of balls. Theſe 


are produced by an exceeding great power of 


electricity, gradually accumulated till the re- 
ſiſtance of the atmoſphere is no longer able to 


confine it. In general, the lightening breaks 
out from the electrified cloud by means of the 


approach of ſome conducting ſubſtance; but 
the fire- balls ſeem to be formed not becauſe 
there is any ſubſtance at hand to attract the 
electrie matter from the cloud, but becauſe the 
electricity is accumulated in ſuch a quantity 


abut: the cloud can no longer contain it. Hence, 


_ 


ſuch balls fly off ſlowly, and have no particular 
deſtination; their appearance indicates a pro- 
digious commotion and accumulation of elec- 
tricity in the atmoſphere, without a proportion. 
able diſpoſition in the earth to receive it. This 
diſpoſition is however altered by a thouſand 
circumſtances, and the place which firſt becomes 
moſt capable of admitting electricity will. firſt 
receive a fire- ball. Hence this kind of light. 
ening has been known to move ſlowiy back- 
wards and forwards in the air for a conſiderable 
time, and then ſuddenly fall in one or more 
houſes, according to their being more or leſs 
affected with an electricity oppoſite to that of 
the ball at the time. It will alſo run —_— 
ground, break into ſeveral parts, e 
ſeveral exploſions at the ſame time. . 

It is very difficult to imitate this kind of 
lightening in our electrical experiments. The 
only caſes in which it hath been done in any 
degree are thoſe in which Dr. Prieftley made 
the exploſion of a batttery paſs for a conſidera- 
ble way over the ſurface of raw fleſh, water, 
&c. In theſe caſes, if, while the electric flaſh 
paſſed over the ſurfaces of the fleſh, it had 
been poſſible to interrupt the metallic eireuĩt by 
taking away the chain, the electric matter diſ- 
charged would have been preciſely. in the fitua+ 
tion of one of the above-mentioned ſire- balls à 
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i. e. it would have been at a loſs for a conductor. 
Ihe negative fide of the battery was the place 
of its deſtination, but to that it could not eaſily 

have got, becauſe of the great quantity of 

atmoſphere whick lay in its way, and the in- 
capacity of the neighbouring bodies to receive 
it. But, while the electric matter was thus 
ſtationary for want of a conductor, if any one 
ſtanding near, or touching the negative ſide of 
the battery, preſented a finger to this ſeemingly 
moffenſive luminous body, he would be inſtantly 
ſtruek very violently, becauſe a free commu- 
nication being now made by means of his body, 
the powers by which the electric fluid is im- 
pelled from one place to another would urge 
it upon him. But if we ſuppoſe a perſon, who 
has no communication with the battery, to 
preſent his finger to the ſame body, he may 
perhaps receive a flight ſpark from?! it, but not 
a ſhock of any conſequene. 

We may now account for the bn 
capricious nature of all kinds of lightening, 
but eſpecially of that kind which appears in 
the form of balls. Sometimes it will ſtrike 
trees, high houſes, &c. without touching cot- 
tages, men, or other animals, who are in the 
neighbourhood; in other inſtances, low houſes 
and cattle have been ſtruck, while high trees 
and 28 in the neighbourhood have 

eſcaped. 
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eſcaped The reaſon of this is, that in thun- 
der- ſtorms there is a zpne of earth conſiderably; 
undet the ſurface, which the lightening de · 
fires to ſtrike, (if we may uſe the expreſſion)  * 
| becauſe it has an electricity oppoſite. to the 
lightening itſelf. Thoſe objects, therefore, 
whieh form the moſt perfect conductors between 
the electrified clouds and that zone of earth 
will be ſtruck by lightening, whether they are 
high or low. Let us ſuppoſe a poſitively elec- 
trified cloud is formed over a certain part of - 
the earth's ſurface ; the electric matter flows 
out from it firſt! into the atmoſphere all round, 
and while it is doing ſo, the atmoſphere is 
clectriſied negatively. In proportion, however, 
as the current pervades greater and greater 
portions of the atmoſpherical ſpace, the refiſt- 
ance to its motion increaſes, till at laſt, the 
air becomes poſitively electrified as well as the, | 
cloud, and they both act as one body. The | 
ſurface of the earth then begins to be electri- 
fied, and it filently receives the electrie matter 
by means of the trees, graſs, &c. which grow. 

eee pon 


* Of this two remarkable inſtances have been ad- 
duced, in a paper read by Mr. Achard at the Berlin 
Academy of Sciences. And Beccaria cautions perſons 
from depending on a higher, or, in all caſes, a better hy 
conductor than their own body, 1 
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upon its ſurface, till at laſt, it becomes alſo 
poſitively electriſied, and begins to ſend off a 
current of 3 from the ſurface: down- 
wards. 
„ The cauſes which ard dete th elec- 
rricity ſtill continuing to act, the power of the 
ele&ric current becomes inconceivably great. 
The danger of the thunder-ſtorm now begins; 
for, as the force of the lightening is directed to 
ſome place below the ſurface of the earth, it 
will certainly dart towards that place, and ſhat- 
ter every thing to pieces which reſiſts its 
paſſage. | 
© The benefit of conducting-rods will now 
alſo be evident. For we are ſure, the electric 
matter will, in all caſes, prefer that way where 
it meets with the leaſt reſiſtance, and this is 
over the ſurface of metals. In ſuch a caſe, there- 
fore, if there happen to be a houſe furniſhed 
with a conductor directly below the cloud, and 
at the ſame time a zone of negatively electriſied 
earth not very far below the foundation of the 
houſe, the conductor will almoſt certainly be 
ſtruck, but the building will be ſafe. If the 
houſe wants a conductor, the lightening will 
nevertheleſs ſtrike in the ſame place, in order 
to get at the electrified zone above-mentioned ; 
but the building will be now damaged, becauſe 
ae | the 
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the materials of it cannot readily conduct the 
electric fluid.“ 


M 2 | CHAP. 


* See Encyclopedia Britannica, Art, Lightening, 
Vol. VI. p. 4224. 


That the electric matter, which forms and ani- 
mates the thunder- clouds, iſſues from places far below 
the iurface of the earth, and buries itſelf there, is pro- 
bable, from the deep holes that have been made in 
many places by lightening, by the violent inundations 
that have accompanied thunder- ſtorms, not occaſioned 
by rain, but by water burſting from the bowels of the 
earth, from which it muſt have been diſlodged by ſame 
internal concuſſion, &c. — Sce Dr, Prieſtley's W 
of Electricity, p. 328. 
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To charge a Plate of Air. 


S air is an electric, it will receive a charge 

like all other electric ſubſtances. To this 

property may be aſcribed many 6f the phœno- 

mena which are obſerved in the courſe of the 

common electrical experiments; for the air 

which ſurrounds an electrified non- electric is 

always in ſome degree charged with the fluid, 

N and thus acts upon the atmoſphere of the elec- 
| | rrified conductor, not only by its preſſure, but 
alſo by its acquired electric powers; and that 
it pervades the air to a confiderable diſtance is 
evident, from the different methods by which 

the air of a room may be electrified. 

Cover two large boards with tin-foil; ſuſpend 
one by filk ſtrings from the cieling, and then 
connect it with the conductor ; place the other 
board parallel to the former, on an inſulating 
ſtand. that may be eaſily raiſed or lowered, to 
regulate the diſtance of the plates from each 
i other. Or place the boards in a vertical ſitu- 
ation, on inſulating ſtands of the ſame height. 

In moſt caſes this form will be found the moſt 
convenient. Theſe boards may be conſidered 
28 
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25 the coatings to the plate of air which is be- 
tween them. 


ExpERIENT CLII. 


Connect the upper board with the poſitive 
conductor, and the other with the ground; 
turn the cylinder, and the upper one will be 
electriſied paſitively, and the under one nega- 
tively; the ſpace of air between the two plates 
acts as a plate of glaſs, it ſeparates and keeps 
aſunder the two electric powers. Touch the 
negative plate with one hand, and the upper 
one with the other, and a ſhock will be received 
ſimilar to that from the Leyden phial. 

The electric ſhock will always be felt when- 
ever a quantity of the fluid paſſes through any- 
body in an inſtantaneous manner, and the force 
of the ſhock will be proportional to the quantity 

of electricity accumulated, and the eaſe with ' 
which it can eſcape ; for the whole energy of 
the electricity depends on its tenſion, or the 

force · wih which it endeavours to fly off from 
the eleaArified body, ; 

The two plates, when in contrary beet 
gi attract each other, and will come to- 
gether, if they are not kept aſunder by force. 
A ſpark will ſometimes paſs between the plates, 
and deſtroy the electricity of each. If an emi- 
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nence is placed on the under plate, the ſpark, 
in the ſpontaneous diſcharge, will ſtrike it. 
The experiments with theſe boards will be 
more pleaſing, if one ſurface of the upper board 
is covered with gilt leather. The two plates, 
when charged, are ſuppoſed to repreſent the 
ſtate of the earth and the clouds in a thunder- 
ſtorm. The clouds being in one ſtate, and 
the earth in an oppoſite one, while the plate of 
air acts as the electric, and the ſpontaneous 
diſcharges exhibit the ſphœnomena of light- 
ening. 
An obſervation has heen made on this expe- 
timent, which ſeems to affect one of the prin- 
cipal ſupports of the received theory. I have 
ſubjoined it, in order to invite thoſe who are 
converſant with electricity to a cloſer Tree 
gation of the fubjeR. , 

In this experiment it ſeetns impoſtible to mY | 
ny, that the air is penetrated by the electrie 

fluid. The diſtance between the plates is ſo 
ſmall, that it muſt appear abſurd to ſay that 
this ſpace is penetrated only by a repulſive 
power, when in other caſes we ſee the fluid 
pervading much greater ſpaces of air. But if 
one electric ſubſtance is penetrable by the elec- 
tric fluid, we muſt be led ſtropgly to ſuſpect 
at leaſt that all the reſt are ſo too. If glaſs was 
altogether 9 to the fluid, it is na- 
tural 
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tural to think that it would run over its ſur- 
face very eaſily. But inſtead of this, ſo great 
is its propenſity to enter, that a ſhock ſent 
through between two glaſs plates, if they are 
preſſed pretty cloſe, together, always breaks 
them to pieces, and even reduces part of them 


to a powder like ſand. This laſt effect cannot 


be attributed to any other than the electric 
fluid entering the pores of the glaſs, and meet- 


ing with reſiſtance, the impetus of its pro- 


greſſive motion violently forces the "Ow 
PI Emeril in all. ee | 


| Expunjunyr” | ELM.” 


Turn chat fide of the upper board on wh' ch 
the gilt leather is paſted towards the lower one ; 
place one or two finall metal hemiſpheres on 
the lower board; connect the upper board 
with the poſitive conductor, and the lower 
one with that which is negative, put the ma- 
chine in action, and the upper board will diſ- 
charge the whole of its contents on one of the 


hemiſpheres, in a ſtrong flaſh, attended with a 


ſmart exploſion ; viyid corruſcations of electric 
light. will be ſeen. darting 1 in Various. directions 


on the ſurface of the gilt leather, This experi- 


ment, foys Mr. Becket, is more chan a reſem- 
, M 5 Ras blance 
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blance of lightening, it is Nature inveſted 
with her own attire. 

Connect a coated phial with che poſitive con- 
duQtor, fo that it may be diſcharged with the 
boards, and the flaſhes of light will extend 
further, and the exploſion will be louder. 


Exexzjiyent CLIV. 


Place the wire, fig. 10, with the feathers 
tied to it in the middle of one of theſe large 
boards, their divergence will not be near ſo 
much in this fituation as when they are at the 
edge of the board. If a piece of down or 2 
feather is placed near the edge of the board, it 
will fly off to the neareſt non-eleftrified body; 
but, if it is placed! in the middle, it will be a 
conſiderable time before it will move, and it 


will ſeargely ſhow any figns of attraction. 


'Exrzrni1MEnT CLV. 


Place bran, or ſmall pieces of paper, near 
the center of the lower board; when the mi- 
chine is put in action theſe will be alternately 
attracted and repelled with great rapidity, and 
agitated in an amazing manner. A pleaſing 
variation is made in this experiment by taking 
off the chain from the lower board, and now 


and 
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and then touching it with the hand ; touch 

both boards at the ſame time and the motion 
ceaſes. But the moſt ſurprizing appearance in 
this experiment 4s, that ſometimes, when the 
electricity is ſtrong, a quantity of paper or bran 
will accumulate in one place, and form a kind 
of column between the $5. it will ſuddenly 
acquire a ſwift horizontal motion, moving like 
a whirling pillar to the edge of the boards, 
and from thence fly off, and be ſcattered about 
the room to a confiderable diſtance. 


— 
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Take two phials, the one charged poſitively, 

the other negatively, place them on the inſu- 

lated board, but as far from each other. as the 

baard will permit; inſert a range of candles 

in a piece of wood, about two inches dif- 

tance from each other, ſo that the flame of 

each may be exactly parallel; when theſe can- 
dles are quickly introduced between the knobs 

of the phials, the ſpark will be ſeen to dart 

through all of them, and will have the appear- 
ance of a line of fire, variegated, j in a | thouſand 

different curves. 
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CHAP. XI. 
of tbe 0 Kaen, 


IG. 73 repreſents an electrophorous. This 
inſtrument was invented by Mr. Volta, 

of Coma i in Italy.“ It conſiſts of two plates 
of a circular form, the under plate is of braſs 
covered over with 2 ſtratum of an electrical 
fubſtance, generally of ſome negative electric, 
as Wax, ſulphur, &c, the upper plate 18 of 5 
braſs, with a glaſs handle ſerewed on INE. center 
of its upper ſurface. | 

Reſinous electrics generally Se better 
for an. electrophorous than thoſe made only of 
glaſs, not only as they are leſs affected by the 
humidity of the air, but as they ſeem to have 
the power of retaining longer the nen 
which is communicated to them. 

Jo uſe this apparatus, firſt excite the under 
plate c, by rubbing its coated fide with a piece 
of clean dry flannel, or hare-ſkin; when this 
plate is well excited, it is to be laid on the 
table with the electric uppermoſt. Secondly, 

| place 


Mr. Wilck, in Auguſt, 1762, contrived a refinous ap- 
paratus, to which he gave the name of a perpetual ele o- 
phorous. See Scripta Academiz Suec, 1762. . 
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place the metal plate upon the electrie, as in fig. 
74 and 73. Thirdly, touch the metal plate with 
the finger, or any other conductor. Fourthly, 
ſeparate the metal plate from, the electric by 
the glaſs handle. This plate, when raiſed to 
ſome diſtance from the under one, wiltbe found 
ſtrongly electrified with the power which is 
contrary to that of the electric plate, and will 
give a ſpark to any conductor that is brought 
near it. By repeating this operation, i. e. by 
ſetting the metal plate on the electrie, and then 
touching it with the finger, a great number of 
ſparks may be ſueceſſively obtained without a 
freſh excitation of the electric. | 
The following experiments, which were 
made with a view to analyſe this curious little 
inſtrument, are extracted from a paper of Mr. 
Achard's, in the Memoirs de Academie Roy- 
ale-de Berlin for e 4 ; 
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Mr. Achard placed horizontally a circular 
plate of glaſs,” which was about two tenths of 
an inch in thickneſs, and one foot in diameter, 
on a tin plate, which only touched the glaſs in 
a few places; having excited the upper ſurface 
of the glaſs, it produced all the effects of the 
electrophorous; from. whence he infers, that 


enn ss ro. 
it is not neceſſary that the inferior metallie 
plate ſhould touch exactly in all its ſurface the 
electric n ; . 


ExPxzRIMENT CLVIII. 


He inſulated, in a horizontal poſition, a plate 
of glaſs of one foot diameter, he excited this, 
and then applied the upper plate in the uſual 
manner, and obtained a ſucceſſive number of 
weak ſparks; but in order to procure them, he 
was obliged to let the finger remain ſometime 
on the upper plate. If, inſtead of inſulating 
the plate of glaſs by glaſs, he inſulated it by 
wax oz pitch, he conſtantly found that the 
fparks were ſtronger. From this experiment 
he concludes, that the inferior plate is not ne- 
ceſſary to the production of the effects obſerved 
in this inſtrument, and that when deprived of 
it, retains all its properties. 


 ExeerimenT CLIX. 


Having excited the upper ſurface of an elec- 
trophorous of wax, he placed the upper plate 
on it, and after ſome time lifted it off by its 
inſulating handle, without previouſly touching 
It with the finger; it gave no ſpark, and was 
b not en of the leaſt power of attraction and 

8 repulſion; . 
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repulfion ; which proves, that the ele&ropho- 
rous cannot render the upper plate electric, 
unleſs it is touched by a body which is ca- 
pable of giving or taking electricity from it. 
J. ExpERIM ENT CLX. 
Place the upper plate on an excited electro- 
phorous, bring a finger near the upper plate; 


and a ſpark will paſs between them. Now es 


the electric fluid never appears as a ſpark, ex- 
cept when it paſſes with rapidity from one body 


to another, and as the upper plate exhibits no 


electric appearance, if it has not been previouſly 
touched by a conductor, we may conclude, 
that the electrophorous only renders the upper 
plate electric when it has received or loſt a. 
quantity of electricity. 


* Exrrxlurur CLXI. 


Place one of the ſmall brafs conductors wich 


its pith balls on the upper plate, and then put 


them both on the electrophorous, the balls will 


immediately ſeparate a little; touch the upper 


plate with the finger and the divergence ceaſes ; 


but on lifting this plate from the. electropho- 


rous by its glaſs handle the balls diverge with 


great force, forming a very large angle ; on 


taking 
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taking a ſpark from the plate they immediately 
cloſe. The ſeparation of the balls ſhews clearly 
that the upper plate either abſorbs. a quantity 
of electricity, or imparts a portion of its natural 
ſhare to the under one; tit alſo ſhews, that the 
former, as ſoonasit is laid onthe electrophorous, 
acquires a ſmall degree of electricity, which it 
loſes on being touched with the finger; but it 
again becomes electrical when it is ſeparated 
from the W 


EXPERIMENT CLXII. 


Inſulate an electrophorous, and ſuſpend a 
pith ball by a linen thread, in ſuch manner 
that it may be about one quarter of an inch 
from a piece of metal which is connected with 
the bottom plate; the ball does not move when 
the upper plate is laid on the electrophorous, 

but when this is touched by the finger the ball 
zs attracted. As ſoon as the upper plate is ta- 
ken off, the inferior metallic coating attracts 
the ball, but quits it if the coating is touched 
by the finger. It is alſo attracted if the upper 
plate is put on before the ſpark has been taken 
from it, though it laſts longer and is ſtronger 
if the ſpark is taken before it is Fe on the 
eee 


Ex- 
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ExPERTMENT CLXIII. 


Electrify the under ſide of the electropho- 


rous, by connecting the under plate with the 


conductor of a machine; the upper plate wilt - 


give ſtrong ſparks to the hand, or any other 
non- electric. Touch the upper plate with one 
hand, and the under one with the other, 2 
ſhock will be received. The ſame effect is 
produced if the upper plate is electrified wy the 
machine. ans fig. 74. 


EXPERIMENT CLXIV. 


Inſulate an electrophorous which is not ex- 


cited, and place the upper plate upon it, then 
electrify the under plate by a chain from the 


prime conductor, take a ſpark from the chain, 


and the electrophorous acquires all the pro- 
perties which are given to it by exciting Nr 
upper ſurface. 


211 E R IMENT CLXV. 


Connect the upper plate by a chain with the 


prime conductor, and electrify it, then take a 


ſpark from the chain, and the electrophorous 


will acquire as before the fame powers which 


it gains when the upper ſurface is rubbed. 
Ex- 
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ExrERIMZAT CLXVI: 


The ſame effect is produced by placing 2 
Leyden phial on the uppet plate of an unexcited 
electrophorous, then charging and diſcharging! 
it on the plate. 

From the three laft experiments we learn, 
that the elefrophorous may be put in action 
by communication as well as by friction- 


EXPERIMENT CLXVII, 


Mr. Achard placed the upper plate on an exci- 
ted electrophorous, and a cube of metal, furniſh- 
ed with a glaſs handle, on this plate; on taking 
the cube by its handle from the upper plate, 
without previouſly touching it, it attracted a 
light ball. On repeating this experiment, and 
touching the upper plate before the cube was 


taken off, it did not appear in the leaſt eleo· 
trical. 


ExrIAI Azur CILXVIII. 


By examining the e with ſmall 

pith balls we find, 

1. That as ſoon as the upper plate is placed 
on an electrophorous of wax it acquires a weak 
| poſitive electricity; and the contrary, if placed 

on an electrophorous of glaſs. 
2. That 
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2. That when the upper plate is touched by 


the finger it loſes all its electricity. 

3. When the upper plate is touched by 2 
finger and removed from the ele&rophorous, it 
acquires a ſtrong negative electricity, if the 
electrophorous is of glaſs, and a n elec- 
tricity it it is of wax. be 

The elerophorous may be e as 


farmed of ſeveral horizontal ſtrata; ſo that 


when the upper one is excited, either by fric- 
tion or communication, It is inſulated by the 
inferior ſtrata: now all inſulated electries pre- 
ſerve their electricity a conſiderable time, and 
it is from that cauſe that the electricity of the 
electrophorous continues ſo long. 

Inſulated and excited glaſs induces the nega- 


tive electricity on bodies brought within the 


ſphere of its action, while negative electrics, 
in ſimilar cireumſtances, produce the poſitive 
electricity. Therefore the ſurface of thę elec- 
trophorous ought to communicate immediately 
z poſitive electricity if it is of wax, the nega- 
tive if it is made of glaſs, which is perfectly 
conformable, to experiments. But when the 


upper plate is touched by the finger, the upper 
ſurface of the electrophorous ceaſes to be inſu - 


lated, and gives the negative electricity to the 
upper plate, if it is of glaſs, and the contrary 
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if of wax, agreeable to the different eee 
which are defcribed in Chap: IV. | 

Electric bodies do not put the fluid in that 
| degree of motion which is neceſſary to produce 
the ſpark, or exhibit the phenomena of at- 
tration and. repulſion, white they are in con- 
tact with conducting ſubſtances, which is the 
reaſon why the upper plate exhibits no ſigns of 
electricity while it remains in contact with the 
under one, though they become ſenfible the 
inſtant it is removed from it. | | 

As the theory of this inftrumett has been 
deemed very intricate, I have ſubjoined another 
explanation of it, which is given by the editors 

of the Monthly Review. 

«Therefore, (in the caſe of a glaſs electro- 
phorous) as it is a caſe which admits of a ſome- 
what eaſier illuſtration, the excited plate acts 
upon the electric matter naturally contained in 
the upper braſs plate, ſo as to repel a part of its 
natural quantity from it in form of a ſpark, at 
that part where the finger is applied to it, N 
the braſs plate in this ſtate is lifted up by its 
handle, it will receive a ſpark from the finger. 
On being replaced, and the ſame operation ta- 
king place, the ſame reſult will be obtained; 
which may be continued for a great length of 
time, without diminiſhing the virtue of the 
9 9 which in fact does not part 

with 
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with any of its own electricity, but only repels' 
a part of what is in the upper plate, which is 


repeatedly reſtored to it from the earth by the 
perſon who makes the experiment. of | 


Evrtiiuznd i: 


Place a piece of metal oti an excited electro⸗ 
phorous, it may be of any ſhape 5 a pair of tri- 
angular compaſſes are very convenient for this 
purpale: Electrify the piece of metal with the 
power which is contrary to that of the electro- 


phorous, and then remove it by means of ſome 


electric; and afterwards ſift upon the cleropho- 
rous ſome finely powdered refin, which will 
form on its furface curious radiated figures. 
When the plate is negative, and the pieee of me- 
tal poſitive, the powder forms itfelf principally' 
about thoſe parts where the metal was placed; 
hut if the plate is poſitive, and the ſpark is ne- 
gative, the part where the metal touched will 
be free from powder, and the other parts more 
covered, 


arising CLXX. 


Inſulate a metal quart mug, and FIDE 4 
pair of ſmall pith balls by filk, ſo that the whole 
of the electrometer may be within the mug, 

. elec» 
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electrify the mug, and the electrometer will not 
be in the leaſt affected. The ſimilar atmo- 
ſpheres counteract each other; and as no con- 
trary power can take place in the electrometer, 
it will remain unelectrified. Touch the mug 
with ſome conducting ſubſtance, and it will 
immediately attract the balls. 


Ex IAI III Cl XXI. 


Suſpend a ſmall cylinder of gilt paper by tin- 
foil, and then touch the electrified and inſulated 
mug with it, a ſpark will paſs between them, 
and the electricity will be diffuſed in each in 
proportion to their capacity. Now plunge the 
inſulated cylinder to the bottom of the mug, 
and it will reſtore to it the electricity it had re- 
ceived, and does not give the leaſt ſign of elec- 
tricity when taken out. 


"EXPERIMENT cLXXII. 


" Connedt a pair of pith balls with an inſulsted 
metal veſſel, in which @ metal chain is placed, 
raiſe the chain by means of a ſilk thread, and 
the divergence of the balls will diminiſh in pro- 
portion as the chain is raiſed and diſplayed; 
ſhewing, that the electricity is rarified, and its 
n 1s dinunithed, in * as it ſpreads 

6 itſelf 
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itſelf from the ſurface of the veſſel on the ex- 
tended chain ; Which is confirmed by the balls 
diverging again when the chain is let down 
into the veſſel. This experiment affords an 
eaſy ſolution for many of the phœnomena of at- 
moſpheric electricity, as why the vapour of 
electriſied water gives fuch ſmall ſigns of elec- 
tricity, and why the electricity of a cloud is in- 
creaſed by my re 3-3 Eager 


Errzziuvr CEXXIL jw 


Excite a flip of . e or a gik ribbon, 
and take as many ſparks from it as it will give, 
then double or roll it up, and the contracted 
flannel will be ſtrongly electrical, give cke, 


Ph ches gut bruſhes _ Es 


Of the advantages which may be. derived. 
from an imperfett Inſulation, and of ren 
dering very ſenfible very ſmall" degrees: of 
natural and 3 a Eau. by Mr. 
Volta, 0 
A conductor, properly OY? for Ann | 

obſervations on atmoſpherical electricity, will 

ſeldom affect the moſt ſenſible electrometer when 


the ſky ĩ 1s free from electrical clouds ; butby means 
Ss 3 . 
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of the apparatus now to be deſeribed it wi 
appear, that theſe conductors are always elec- 


trical, and conſequently the air which ſurrounds 


them muſt be at all times electrified. This me- 
thod not only determines the exiſtence, but alſa 
the quality of the electricity, whether poſitive 
or negative, and that, even when the conductor 
will not attract the fineſt thread; but if a very 
ſmall-attraQtion is viſible in the conductor, they 
the apparatus will give long ſparks. 
The electrophorous uſed for this purpoſe may 
with propriety be termed a e e 
or condenſer of dete) | 
Whenever the atmoſpherical « endet gives 
fofficient figns of electricity, then the conden- 
fing apparatus becomes uſeleſs. For when the 
electricity is ſtreng, it often happens that part 
a of the electricity of the metal plate is impreſſed 
upon the other, in which caſe the apparatus 
acts as an e and becomes wage 


for 'our purpoſe, 

The apparatus adapted for this nels con- 
ſiſts of the upper plate of an electrophorous, 
and a ſemi- electric, or an imperfect conducting 
plane, which will only hinder in a certain de- 
gree the paſſage of the fluid, Many conduc- 
tors of this kind may be formed; ſuch as 
a clean dry marble ſlab, a plate of wood, co- 
vered with a coat of varniſh, &c, The ſurface 
of thoſe badies not contracting electricity, or 

| if 
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if any ſhquld adhere to them it ſoon (vaniſhes, 
on aecount of their ſemi-conducting. nature; 
fot which reaſon they cannot anſwer the end of 
an electrophorous, but are fit to be viel as 
| condenſfers of electricity. 

Care ſnould be taken hawerer.. in 8 
chis plane, that it he pgt of too free a conduct- 
ing nature, nor likely ta became ſo by ule, it 
being abſalutely neceſſary that the electricity 
ſhould find a ęonſiderahle reſiſtanee in pervading 
its ſurface, In preparing ſuch a plane, by dry- 
ing, or other wiſe, it is much better to come 
too near than too far frgm a non - conductor. 
A marble ſlab or baard, properly dried, an- 
ſwers well, and is preferable to any other 
plane; gtherwiſe the plate gf the electropho - 
rous is preferable ta all bodies unprepared. 

= warſt ſort of marble, if coated with co- 

al, amber, or lac · varniſh, and then kept in 
5 oven ſor a ſhoxt time, will anſwer very well, 
even withant previguſly Fajming fer the PR: 
riment, 

This, in fat, it may be faid, is returning 
to the electrophorqus; as marble, wood, &c. 
varniſhed, if they are hot, may be excited by 
a very ſlight friction, and ſometimes: by only 
laying the metal plate on them; do prevent 


. 72 ſhould be uſed without warming. 
81 The 
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The advantages plates of this kind have over 
the common electrophorous are, 1. That the 
varniſh is always "thinner than the common 
reſinous ſtratum of an electrophorous and, 
2: That the varniſh acquires a ſmoother and 
plainer ſurface : hence the metal plate can with 
more advantage be adapted to it. 

Any fort of plane, covered with dry and 
clean oil- cloth, or oiled-filk, or ſattin, and any 
other filk ftuff that is not very thick, may be 


uſed with equal advantage, if it is ſlightly 


warmed. Silk ſtuffs anſwer better for this 
purpoſe than thoſe made of cotton or wool, and 
both better than linen. Paper, leather, wood, 


rvory, bone, and every other ſort of imperfect 


conductors, may be made to anſwer to à certain 
degree, if they are previouſly dried; and kept 
hot during the experiment. bas 33] 

Fhis apparatus is rendered mere dige. by 


applying the ſilk, &c. to the upper plate 


of metal, which is fixed to the glaſs handle, 


inſtead of the marble or other plate, which 


now becomes uſeleſs; for in its ſtead, a plane of 
any kind may be uſed, as a common wooden 
or marble table, even not very dry; à piece of 
metal, a book, or any Wr merge Bp wa a 


flat ſurface. 


Nothing more is requiſite in theſe experi- 
ments, than. that the electricity, which tends 
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to paſs from one ſurface to the other, ſhould 
meet with ſome reſiſtance or oppoſition n one 
of che ſurfaces, as s will be evideivinthe Yeovnd 
part. 2, 

It is immaterial wh the nn 
or ſemi- conducting ſtratum be laid upon one 
or the other of thoſe planes; all that is neceſſary 
is, that they ſhould coincide together, which 

renders it proper to uſe two planes that have 
been ground together, and one of them var- 
_ miſhed, A ſingle metal plate, covered: with 
filk, with three filk ſtrings faſtened; to it by 
way of handle, may be Wager uſed for 
aner experiments. 

"To uſe the apparatus, the upper metal ons | 
muſt be placed upon the unelectriſied e 
and in perfect contact with it. 

The plates being thus placed, let a wire, 
communicating with the conductor, be brought 
to touch the mA OI of ths hems ari vc 
and that only. 5 * 

The apparatus balk left! in that fituation a 
certain time, will acquire a ſufficient quantity 
of electricity, though but very ſlowly; 

Remove the communicating” wire from the 
metal plate, and, by means of its infulated 
handle, ſeparate it from the under one; it will 
now attract a thread, electrify an elerometer, 
and, if it is ſtrong, will give ſparks,” &c. 
though 
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though the atmoſpherical nuten 1 7 


nee, de”: Pos ati, 
It is not caly to determine e 


e for this apparatus to remain in con- 


tact with the conductor, as it will depend on 


many circumſtances ; for, if there are no-figns 


of electricity in the conductor, it will require 
eight or ten minutes, but if it attracts a+ fine 


thread, as NC bare will be formg: ſuffi - 


cient. 
It is difficult alſo ta Sas Fs a 
degree to which the electricity may be con- 


denſed, or how much the electrical phœno- 


mena may be increaſed by this apparatus, as it 


depends on various eircumſtances. The aug: 


mentation 19, however, greater in proportion 
as the body which ſupplies the metal plate hay 


a. greater capacity, and is larger in proportion 


as the electricity is weaker. Thus, though 


the atmoſpherical conductor has ſcareely power 


fofficient to attract a fine thread, it is neverthe · 
leſs capable af giving f ſuch a quantity of -elec- 


 rricity to the metal plate of the ele&rophorous, 


as not only to actuate an electrometer, but 
even dart ſtrong ſparks. But if the electricity of 
the atmoſpherical conductor is ſtrong enough 
to afford ſparks, or to raiſe the index of tht 
electrometer to 5 or 6 degrees, then the re- 
ceiving plate of the electrophorous, according 


to 
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to this method, will raiſe its index to the highs 
eſt degree, and give a ſtronger ſpark; yet it 
may be plainly perceived, that the condenſation | 
is proportionably leſs in this than in the other 
caſe ; for this reaſon the electricity cannot be 
accumulated beyond the greateſt degree; thay. 
is to ſay, when it is increaſed ſo much as to be 
diſſipated every way. Therefore, as the elec: 
tric power, which ſupplies the condenſer, is 
neareſt to the higheſt degree, the condenſation 2 4 
is proportionably leſs ; but in this caſe the con- = 
denſer is uſeleſs; its principal uſe being to 
collect and render ſenfible that ſmall quantity ef 
electricity which would otherwiſe . im- 
pereeptible and unobſerved. 
Hitherto we have adapted our eee to 
the detecting weak atmoſpherical electricity, Y 
as brought down by the conductor; but this, = 


4 1 
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. 
. 
— —— — —— — 1 — _ 
rag ory n my Ta © 


though the principal, is not the only uſe to | 
which it may be applied. It will likewiſe dif- i 
cover artificial electricity, when it is ſo weak as 3 
not to be diſcoveraþle by any other means. 
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A Leyden Phial charged, and then diſchar- 
ged by touching its coated ſides with the dif- 
charging rod or che hand, appears to be quite 
deprived of its electricity; yet, if you touch 
the knob of it with the metal plate of the con- 
denſer, (ſituated upon an imperfect conducting 

| PRE and immediately "8 up he plate, it 
will 
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| will be found to give very 7 pee ſigns of 
electricity. But, if juſt ſufficient charge is left 
in the phial to attract a fine thread, and the me · 
tal plate is then brought to touch the knob for 
a moment, it will, when lifted up, give a 
ſtrong ſpark, and if touched again, a ſecond 
fearce ſmaller than the former; and thus, ſpark 
1 ſpark may be obtained for a long time. 
This method of producing ſparks, by means 
of a- phial which is not charged fo high as to 
give ſparks of itſelf, is very convenient for 
various pleaſing experiments ; as to fire or light 
the inflammable air-piſtol, or lamp: efpecially 
when a perſon is provided with one of thoſe 
phials contrived by Mr. Cavallo, which, when 
charged, may be carried in the pocket a long 
time, Theſe phials, as they retain a ſenſible 
charge for ſeveral days, will retain an inſenſible 
one for weeks and months; or, ſuch a one as 
5 cannot eaſily be diſcovered without the con- 
r denſer, in which caſe it becomes more than 
my ſenſible, and ſufficient for the ed of 
ne inflammable air-piſtol, &c. 
Secondly. If you have an electrical ma- 
chine fo far out of order that its conductor 
will not give a ſpark, nor attract a thread, 
then let this conductor touch the metal plate 
of the condenſer, and continue in that fituation 
7 OW minutes, (the machine being ſtill in mo- 
tion) 
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tion) lift up the metal plat, and you will RAT 
from it a &rong ſpark. + ', 

- Thirdly. If the eledtrical machine 408 — 
but the conductor is ſo badly inſulated that it 
will not give a ſpark, either from its being con- 
nected with the walls of the room, or by having 
2 Chain from it to the table, let the conductor 
in this ſtate touch the metal plate of the con- 
denſer while the machine is in action, the 
plate will afterwards give ſufficient ſtrong ſigns 
of electricity; which proves the great power 
this apparatus has of arne and en 
the electricity. | 

Fourthly. Where the eee are not 
6 ſenſible to diſcover the quantities 
of excited electricity, thoſe quantities may 
be readily explored by the condenſer. For this 
purpoſe, rub thoſe bodies with the metal plate 
of the condenſer, which for this purpoſe maſt 
be naked, and if the plate be then preſented to 
an electrometer, it will be found confiderably 
electriſied, although the body rubbed may have 
acquired little or no electricity. The quality, 
whether poſitive. or negative, may be eaſily. af- 
certained, fince the electricity of the metal 
plate muſt be the contrary of that body on 
Which it was rubbed. Mr. Cavallo made uſe 
| f this method to diſcover, the electricity of 
many bodies. But a ſtill better method may 
6005 Le 
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be uſed in cafe the bodies to be examined can- 
not eafily be adapted ta the metal plate, viz. 
The metal plate being laid on the imperfect 
conducting plane, the body to be tried is 
tubbed againſt, or repeatedly ſtroaked upon it, 
which done, the plate is taken up and exa- 
mined by an elefrometer; If the body tried is 
leather, a ſtring, cloth, velvet, or other im- 
perfect conductor of the like fort, the plate 
_ will certainly be found electfified, and incom- 
parably more by this means than if it were 

ſtroaked by the ſame bodies; whilſt ſtanding 
inſulated in the air: In ſhort, by either of 
thoſe methods you will obtain ele&rieity from 
bodies which could hardly be expected to give 
any, even when they are not very dry. Indeed, 
coals and metals exeepted, every other body 
will afford ſome electricity. Electricity may 
often be obtained by _—— the plate with _ 
the naked hand: 

The metal plate has a much greater power 
fo retain electricity when it lies upon a proper 
plane, as mentioned in the foregoing expert- 
ments, than when quite inſulated. 

It is eaſy to comprehend, that where the ca- 
pacity of holding electricity is greateſt, there 
the intenſity of the electricity is proportionably 
leſs, for it will then require a greater quantity | 
to raiſe it to a given degree of intenfity ; ſo that 

* | the 
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the capacity is invetſely as the 'iwrenſity; by 
which we mean, that endeavour, by which che 
electrieity of an electriſied body tends ts eſcape 
from all parts of it; to which tendenty or en- 
deavour, the electrical phœnomena of attraction 
and repulſion, and eſpecially the degree of ele- 
vation of an electrometer, correſpond. 

That the istenſity of electricity muſt be in- 
verſely proportional to the capacity of the body 
electriſied will be clearly exemplified wird 
TRY nun 
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Take two metal rods of equal diameter, the 
dne a foot, the other five feet long; let the 
firſt be electrified till the index of the electro: 
meter riſes to 609; then let it toueh the other 
rod; and in that caſe it is evident, that the in- 


tenſity of the electricity being diffuſed between 


the two rods, will be diminiſhed as the capacity 


is increaſed; fo that the index of the eleQro- - 


meter, which before was elevated to 60, will 


now fall to 10, vizz to one ſixth of the for- 


mer intenfity. For the ſame reaſon, if the like 
quantity of electricity was communicated to a 
rod 60 feet long, its intenſity would be dimi- 
niſhed to one degree; and on the contrary,” 


if che electricity of the long conductor was 


con- 


N 
x 
| 
| 


res 


contracted into the 60 part of that capacity 
its intenſity would be increaſed to 6. 
Conductors of different bulk have not only 


; £37% 


different capacities for holding electricity, bur 


alſo the capacity of the ſame conductor is in- 
creaſed and diminiſhed in proportion as its ſur- 
face is enlarged and contracted; as is ſhewn in 
Dr. Franklin's experiment of the can and chain, 


& c. from which it has been concluded, that the 
capacity of conductors is in proportion to their 


ſurface, and not to their quantity of matter. 


This conclufion is true, but does not com- 


prehend the whole theory, ſince even the exkten- 
fion contributes to increaſe the capacity. In 


ſhort, it appears from all the experiments hi- 
therto made, that the capacity of conductors 


is not in proportion to the ſurtaces in general, 
but to the ſurfaces which are free, or uninflu- 


enced by fimilar or homologous atmoſpheres z 


and further, that the capacity of a conductor, | 


neither altered in its form or ſurface, is in- 


creaſed, when inſtead of remaining quite inſu- 


lated, it is preſented to another not inſulated ; 


and this increaſe is more conſpicuous, as the 
ſurfaces of the conductors are larger and ap- 


proach nearer to each other. | os his 


The above-mentioned circumſtances... by. 


which the natural capacity of conductors is 
greatly augmented, has been overlooked, and 
there- 


2 
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therefore no advantage has hitherto been de- 
duced from it. The following experiment 
will - ſhew this increaſed capacity in the ſim· 
pleſt manner. 
Exrzainzur CLAY. 

Take this metal plate of an elefttophonous, 
hold it by its handle in the air, and electrify it 
ſo high that the ihdex of an electrometer an- 
nexed to it maybe elevated to 600, then lower 
the plate by degrees to a table, or other plane 
conducting ſurface, the index will gradually 
fall from 60 to 50, 409, 309, &c: and yet 
the quantity of electricity in the plate remains 
the ſame, except it is brought ſo near the table 
as to occaſion a tranſmiſſion of the electricity 
from the former to the latter; at leaſt, it will 
remain as near the ſame as the dampneſs of the 
air, &c. will permit. The decreaſe of intenſity 
is owing to the increaſed capacity of the plate, 
which is now not inſulated, or ſolitary, but 
conjugate, or communicating with another con- 
ductor: for, let the plate be gradually re- 
moved from the table, the electrometer will 
riſe again to its former ſtation, namely, to 60 
excepting the loſs that the air, &c. may have 
occaſioned during the experiments | 
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The reaſon of this phœnomenol is eaſily des 
rived from the action of electric atmoſpheres; 
The atmoſphere of the metal plate, which for 
the preſent I ſhall ſuppoſe electrified poſnively, 
acts upon the table, or other conductor, to 
which it is preſented ; ſo that the electric fluid 
in the table, retiring to the remoter parts of it, 
becomes mere rare in thoſe parts which are ex- 
poſed to the metal plate, and this rarefaction 
increaſes, the nearer the electriſied metal is 
brought to the table. If the metal plate is 
electriſied negatively, the conttary effects take 
place. In ſhort, the parts which are immerſed 
in the ſphere of action of the electtiſied plate, 
by contracting a contrary electricity, give the 
electricity of the metal plate an opportunity to 
expand itſelf, and will thus diminifh its inten- 
fity, as is ſhewn by the depreſſion of the 
electrometer. 

The. two following experiments will throw | 
more light upon the reciprocal action of the 
electric atmoſpheres. | - 


ny 


Ex PERIMENT. CLAXVI, It ty 
Flectrify two. flat Patt = Ly | * — boch 


poſitively or negatively, then bring them Sradu- 
ally towards each other, and it will appear, by 
wo annexed ele&rometers, that the nearer they 


approach 
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approach each other, the- more their denſities 
will increaſe; as all claſtie bodies re· act in pro- 
portion as they are acted on; which ſhews, 
that either of the tw] ·— conjugate powers has 2 
much leſs capacity to receive more fluid now 
than when fingly inſulated, and out of the in» 
fluence of the other. This expetimetit explains, 
why the tenſion of the electric atmoſphere on 


an electrified conductor i is greater when it is 


contracted into a ſmaller bulk; and alſo, why a 
long extended conductor will ſhew leſs intenſity 
than a more compact one, ſuppoſing their 
quantity of ſurface and electricity to be the 
ſame; becauſe the homologous atmoſpheres cf 
their parts interfere leſs with each other in the 
former than in the latter caſe, and of courſe, 
as in action is n the re-action is * 
. 6: nie i by 3 ' 


Kira chem 
lea one of theſe flat conductors poß 
tively, the other negatively, and the effects will 
then be juſt the reverſe of the preceding; viz. 
the intenfity bf their electricities will be dimi- 
niſhed, becauſe their capacities, or their power 
and facility of expanding are increaſed the nears 
er ts conductors come to each other.. 
W B92. olb1 0 ans Apply 
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on 1 ly. the" Explanation of "this laſt experiment | 
to that meptioned' before, viz the bringing the 
electrified metal plate Award = conducting 
plane which 1 is not inſufated ; for, as this plane 
acquires.a contrary cleffricity it follows,” that 
the intenſity of electricity in the metal plate 
muſt be diminiſhed, and the annexed eleromes' 

ter is depreſſed according as the capacity of 
rhe plate 18 increaſed, or as the denfity of its 
atmoſphere” 3 is diminiſhed; and confequently, 
the plate 1 in that fituation 1 is capable of ung 
a greater quantity of electricitrrtt.. 


. This will be rendered ftill clearer” be rc 


CS + 44 


0 Fr 4 KIMENT. clxxvIf. 


Iuſulate the conduting plane whilſt the 
other electrified plate is upon it, and after- 
wards ſeparating them; both the metal plate 
and conducting plane, which may be called the 
inferior plane, will be found electrified,” but 
poffeſſed of contrary electrieities, as may be 
aſcertained by <Jle&rometers. + +; Ft Po4jtty 

If the inferior plane is inſulated firſt, and 
then the electrified plate is brought oyer it, 
then the latter will cauſe an endeavour in the 

former to acquire a contrary electricity, which 
Se inſulation prevents from taking place; hence 
the 
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the intenñty of ĩhe ele rieity of: the, plate ĩs not 
diminiſhed, at leaſt, the electrometer will 4 cer 
a very little, and almoſt imperceptible depreſ- ; 
ſion, which ſmall depreſſion is owing: to the 
imperfection of the inſulation of the inferior 
plaue, and to the ſmall rarefaction and condenr 
ſation of the electric fluid which may take place 
in | different parts of the ſaid inferior plane. 
Nut if, id this ſituation, the inferior plane be 
touched ſo as to eut off the inſulation for a mo- 
ment, then it will acquire the contrary elec- 
tricity, and the intenſity in the metal plate win 
va diminiſhed. ehh ee 416 0 2 cies 
If the inferior plate, inſtead we 73 inſy- 
lated, were itſelf a non- conducting ſubſtance, 
rhen the ſame phœnomena would happen, viz. 
the intenſity of the eleqrifed metal plate laid 
upon it. Vduld nat be diminiſhed. This, how- 
eyer,-4snat-always-the;caſe, for if the ſaid in- 
ferior. non · conducting plane is very thin, and 
is laid upon a conductor, then the intenfity of 


the electriſied metal plate Will be diminiſhed, 


and ats capacity will be increaſed by being laid 
upon the thin inſulating ſtratum:; as in 
that caſe, the conducting ſubſtance, which 
ſtands under the don- conducting ſtratum, ac- 


qniripg as dlectricity contrary to that of the 
metal plate, will, diminiſh its intenſity, &e, 


and then the n ſtratum will only. dimi- 
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nim the mutual action of the two nentoſÞherds | 
more or leſs, according as it keeps chem at 
greater or ſmaller diſtances from each other. 
The intenſity or electric action of — 
plate, which ' diminiſhes gradually as it is 
brought nearer and nearer to a - eonduRtirig 
plane not inſulated, becomes almoſt nothing 
when the plate is nearly in contact with the 
plane, the compenſation or natural balanee 
being nearly perfect. Hence, if the inferior 
plane only oppoſes a Tmall Tefjſtanice to the paſ- 
ſage of the electricity, (whether ſuch' reſiſtance 
js occafioned by a thin electric ſtratum, or by 
the plane's imperfect conducting nature, as is 
the caſe with dry wood, marble, &c) chat re- 
fiſtance, joined to the interval, however ſmall, 
that is between the two plates, cannot be over- 
come by the weak intenſity of the electricity of 
the metal plate, which on that account. will 
not dart any ſpark to the inferior plane, (ex-: 
cept its electricity were very powerful, or its 
edges not well rounded) and will rather retain 
its electricity; ſo that being removed from the 
inferior plane, its electrometer will nearly res 
cover its former height. Beſides, the electri- 
fied plate may even come to touch the impers 
fectly conducting plane, and may remain in 
that ſituation for ſome time; in which caſe, 


the intenſity _ reduced almoſt to nothing, 
the 
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the-dletricity. will accordingly. paſs, but. flowly, 
to the inferior; plane. But the caſe is different, 


if, in performing this experiment, the elefri- 


fed metal plate touches the inferior plane edg- | 


wiſe, for then its intenſity being greater than 
when it is laid flat, as appears by the electrome : 
ter, the electricity eaſily overcomes the {mall 
reſiſtances, and paſſes to the inferior plane, 
even acroſs a thin ſtratum, becauſe the electriꝰ 
city of one plane is balanced by that of the 
other, only in proportion to the quantity of 
ſurface which they oppoſe to each other within 
a given diſtance ;. ſo that when the metal plate 
touches the other plane in flat and ample con · 
tact, its electricity is not diſſipated. This ap- 
parent paradox is clearly explained by the theo- 
ry of electrie atmoſpheres. 

Tis ſtill more like a paradox, has 2 
uunchin the metal plate with a finger or piece 
of metil will- deprive it of all its ele&tricity, 
while ſtanding upon the proper plane; ſo that 
it generally leaves it ſo far electriſied, that 
when: ſeparated from the plane it will give a 
ſpark. Indeed, this phenomenon. could not; 
be explained on the ſuppoſition, that the finger 
or metals - were perfect conductors, But, fince 
we do not know of any perfect conductor, the 
metab or finger oppaſe a ſufficient reſiſtance to 
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- city of che plate, which is in that caſe ucuned 
by a very ſmall degree of intenſity, or power 
of expanſion; ſo that, ſuppoſe for inſtance, 
the piece of metal or finger touching the plate, 


took off ſo much of its electricity as to reduce 


the intenſity of the remainder to the goth part 


of a degree, this remaining electricity would 


be then nothing; but when the plate, by being 
ſeparated from the inferior plane, has its capa- 


city ſo far diminiſhed as to render the intenſity 
of its electricity 100 times greater, then the 


intenſity of that remaining electricity would be- 


come of two n or more; win | (cient 
to afford a ſpark. R ee ne 


n kD coolers in what 1 


1 
1 


of electric atmoſpheres modifies the electricity 
of the metal plate in its various ſituations, we 


mall now confider the effects which take place 
when the electrieity is communicated to the 
metal plate, whilſt ſtanding upon a metal 
plane. As the whole buſineſs has been proved 
in the preceding pages, it is Ow to deduce 
the applications from it; neve wit will 


be uſeful to e it _ an eee, 2 


ln Are * 1% W 


A > Karbe CLXXIK, Ree" 


i $ 
AISLES 2 3h +4 RIS FAN; i 4 py * 


e 2 Leyddwiphid-or: a conductor, ſo 
weh electrified — its intenſity is on half a 
0 degree, 


ON-ELECTRICITY. 48 


Zegree, or even leſs : if the metal plate of the 
eondenſer, when ſtanding upon its proper 
plane, was to be touched with that phial or 
vonductor; it is evident, that either of them 
would impart to it a quantity of its electricity, 
Proportional to the plate's capacity, viz. ſo 
much as ſheuld make the intenſity of the elee- 
trieity of the plate equal to that of the electri- 
eity in the conductor or phial, "viz. half a de- 
gree; but the plate's capacity, now it lies 
upon a proper plane, is above 100 times great- 
er than if it ſtood inſulated in the air; or, 
which is the ſame thing, it acquires 100 times 


more electricity from the | phial or conductor. 


It naturally follows, that when the metal plate 
35 removed from the proper plane, its capacity 
being leſſened ſo as to remain equal to the r 
part of what it was before, the intenſity of "its 
electricity muſt become 502, ſince the intenfity 
of the e ty in the e nn 
half a degree. "4 
I a ſmall nt of elefticity; nn 
| the! metal plate of the condenſer, enables it to 
give a ſtrong ſpark, it may be aſked, What 
would a greater quantity do? Why nothing 
more. Becauſe, when the electricity commu- 
nicated to the metal plate is ſo ſtrong as to 
overcome the ſmall reſiſtanee "of the inferior 
5 rain be — A 229 eee 
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It is eaſy to underſtand, that if the metal 
plate of the condenſer can receive a good ſhare: 
of electricity from à Leyden phial or ample 
conductor, however weakly electrified, it can: 
not receive apy cenfiderable quantity of it from 
8 conductor of ſmall capacity; for this conduer 
tor cannot give what it has not, except it wexe 
continually receiving a ſtream, however ſmall; 
as is the caſe with an atmoſpherical conductor, 
or with the conductor of a machine which acts 
very poorly but continues in action. In thoſe 
caſes it has been obſerved, that a conſiderable 
time is required before the metal plate has ac- 
m a ſufficient quantity of electricit .. 
As an ample conductor, weakly electrified, 
imparts a conſiderable quantity of electricity to 
the metal plate of the condenſer, ſo, when this 
plate is afterwards ſeparated from its plane, the 
electricity in it appears much condenſed and 
vigorous; ſo, when the ſame plate contains a 
ſmall quantity of electricity, ſuch as cannot 
give a ſpark or affect an electrometer, that elec- 
tricity may be rendered very conſpicuous by; 
communicating it to another ſmall Plate or cony: 
danſer.. F 
Mr. Cavallo. firſt chonght A this i improvement, 
by reaſoning on Mr. Volta's experiments. He 
made a ſmall metal plate not excecding the ſize 
of a e This ſecond condenſer is of great 
45 uſe 
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nſe in many eaſes where the electricity is ſo 
ſmall as not to be at all, or not clearly, obſer, 
vable, by one eombenſer! only, as has been fully 
proved. x Sometimes the uſual metal plate of 
my condenſer acquired ſo ſmall a quantity of 
electricity, that being afterwards taken from 


the inferior plane, and preſented to an ex- 


treamly ſenſible electrometer, made by Mr. Ca- 
vallo, it did not affect it. In this caſe, if the 
ſaid plate, thus weakly electriſied, was made to 
touch the other ſmall plate properly ſituated, 
and was afterwards brought near an electrome- 
ter, the electricity was then generally ſtronger 
than was ſufficient merely to aſcertain its 
quality. 

Now if, by the help of both condenſers, 
the intenſity of the electricity has been aug 
mented 1000 times, which is by no means an 
exaggeration, how weak muſt then be the elec» 


tricity of the body examined! how ſmall the 


| quantity of electricity that is produced by rub- 
bing a piece of metal with one's hand ! fince, 
when it is condenſed by both condenſers, and 
then communicated to an electrometer, it will 
hardly affect that inſtrument, and yet is ſuffi- 
cient to afford conviction that the metal can 

be electrified by the friction of a perſon's hand. 

Before the diſcovery of the condenſer and 

Mr, Cavallo's very ſenſible eletrameter, we 
h were 
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were far from being able to diſcover ſuch weak 
excitations 3 whereas, at preſent, we can obſerve 
'2 quantity of electricity incomparably ſmaller 
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3 Apberical Eid. MED 
Fe the ſubject of this chapter we are prin- 
L cipally indebted to P. Becearia, who has 
for many years accurately obſerved the various 
changes in the electricity of the atmoſphere, 
and their relation to the other phenomena of 
the weather. His apparatus was admirably well 
adapted for this purpoſe, and ſuperior to any 
thing that we are at preſent” acquainted with, 
for intimating eaſily and at all times the elec- 
tricity of the air, It not being at firſt ſuſpected, 
that electricity was ſo intimately blended with 
every operation of nature, as it is now Know 
to be. The labourers 1 in this part are of conrſe 
very fem, the principal are P. Beccariay Mr. 
Ronayne, and Mr. Cavallo. 


I have extracted and methodized the reſults 
of the obſervations made by P. Beccaria, intro- 


ducing occaſionally thoſe made by others, that 
the reader might be in poſſeſſion of the moſt 


material facts, and excited to inveſtigate and 
purſue with attention this delicate and impor- 
tant ſubject; for, indeed, little certainty can 
be expected from any ſyſtem of meteorology 
where the action of the principal agent is vot 
particularly conſidered and attended to. 
The 
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IT be apparatus uſed by P. Beccaria, for in- 
| veſtigatin g the electricity of the atmoſphere, . 
was an iron wire, which he terms an exploring 
wire, one hundred and thirty-two feet long: 
It was fixed at one end to a pole raiſed over the 
chimney; the othet end was faſtened to the top 
of a cherry-tree; The extremities of the wire 
were inſulated, and covered with. a ſmall um- 
brella of tin! Anothèr wite was brought from 
this,. (through a thick glaſs tube, coared with 
ſealing - wax) into the room; by which ineans, 
continual information of the ſtate of the elec- 
tricity in the exploring wire was obtained Hie 
connected with this wire a ſmall ſlip of metal; 
bn each fide of which was a ſmall pith ball! 
one line diameter ; the balls were ap es by 
filk threads, fixteen lines long: 

The electricity, in ſerene weather, generally 

ö makes each of the balls diverge about 6 lines; 
when it is very ſtrong, they will diverge 15 or 
20 degrees from the metal plate; when 8 
the divergence is very ſmall. 

In ſerene weather, the wire, after | 
touched, will take a minute or longer before it 
again ſhews ſigns of electricity; though, at 
other times, it will become electrified in the 
ſpace of a ſecond; 

The electricity during ferene Werber i Ek 
ways ee There are feu inſtances in 

. whichy 
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_ which! it is negative, and then it is brought 
over by the wind from ſome part of the atthos 
ſphere, (perhaps very diſtant from the place of 
obſervation) where there is either fog, ſnow; 
rain, or clouds. The whole ſeries of obſer- 
vations which P. Beccaria has made confirm 
chis poſition. He ſeems to have met with Tg 
three or four inſtances to the contrary. by 

Dr. Franklin has obſerved, that the clouds 
are ſometimes negative, which is certainly 
true; becauſe they will at times abſorb at; and 
through the apparatus, a large and full bottle of 
poſitive- eleRricity, of which the apparatus 
could not have received and retained the 100th 
part. And it is eaſy to conceive; how a ſtrongly 
charged large poſitive cloud may reduce ſmaller 
clouds to a negative ſtate; 

The electricity of the atmoſphere is very" 
much connected with the ſtate of the air, as to 
moiſture and dryneſs ; ſo that it is neceſſary to 
attend to the hygrometer, in order to form 4 
proper judgment of the different degrees of 
electricity at different times. That invented by 
Mr- Coventry, which is made of hatters paper; 
will anfwer beſt; it is very ſenſible, abſorbs 
moiſture ſoon, and parts with it eaſily; Com- 
parative obſervations may alſo be made with 
it. It is alſo neceſſary to place a thermometer . 
near the ene to ane what quantity 

140 enn 


of moiſture the air can keep in ſolution with 
a given degree of heat. Though this object 
will more probably be obtained by obſerving 
accurately the quantity of moiſture evaporated 
from a given ſurface at different times. It is 
alſo to be obſerved, that the different degrees 
of denſity in the air will affect the quantity of 
moiſture which is retained in the air. | 

The moiſture in the air is the eanſtant con- 
ductor of the atmoſpheric electricity during 
clear weather; and the quantity of electricity 
is proportioned to the quantity of moiſture 
which ſurrounds the exploring wire; except 
there is ſo much as to leſſen the exactneſs of 
the inſulation of the wire and of the atmo- 
fpherc. In a dry ſtate of the air it will ſome- 
times be above a minute before the balls will 
manifeft any electricity after the wire has been 
touched; though in a damper ſtate, a ſecqud 
will ſcarce: elapſe before rapid oſcillations of 
the balls may be obſerved between the finger 
and the plate of braſs to which they are 
. aflaxed.F.. 


The. 


In making obſervations on the electricity of the atmo- 
ſphere in clear weather, it is eſſential to repeat them very 
frequently; i. e. to obſerve the velocity with which the elec 
tricity riſes after it has been annihilated ; which P. Beccaria 
generally eſtimated by the number of ſeconds elapſed before. 
the balls began to mani eſt their electricity. 
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The electricity, when the weather clears up, 
1s always poſitive. When the weather is clear- 
ing up, and becomes dry quickly, the elec- 
tricity riſes to a great degree of intenſity, and 
affords frequent opportunities for repeating the 
obſervations. It ſometimes happens, that the 


electricity, cauſed by the clearing up of the 


weather, continues in its ſtate of intenſity for 2 
long while; and alſo, after being interrup- 
ted, it begins afreſh, Theſe accidents ſeem 
to be owing: to the electricity being brought 
over by the wind from great diſtances. 

P. Beccaria ſays, that whenever he obſerved 
that the thick low clouds which were over 
his head began to break, and the rare even 
clouds, which are above the former, — . — 


dilated, that the rain ceaſed, and the balls 


diverged with poſitive electricity, he always 
wrote down certain tendency to clear weather. 
Prior Ceca lays, that a ſtrong. poſitive elec- 


tricity after rain is an indication that the wea- 


ther will continue fair for ſeveral days. If the 
electricity is weak, it is a ſign that the fair 


weather will not laſt the whole day, but that it 


will ſoon be cloudy, and even rain. 

If, when. the ſky grows clouded over the 
place of obſeryation, and a high cloud is 
formed, without any ſecondary clouds under 
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it, and that it is not an extenſiof of a cloud 
which drops rain elſewhere ;' either no electri- 
city takes place, or it is poſitive. _ 

If the clouds which are gathering are ſhaped 
like locks of wool, and keep moving firſt nearer 
to, and then ſeparating from each other ; or, if 
the general cloud which is forming lies very 
high, and is ſtretched downwards like deſcend- 
ing ſmoke, then poſitive electricity commonly 
takes place, which is more or leſs ſtrong in 
proportion to the quickneſs with which this 
cloud forms ; and it foretells the greater or leſs 
quantity and velocity of the rain or ſhow which 
1s to follow. 

When a thin, even, and extenſive cloud is 
forming, which darkens the ſky, and turns it 
into a grey colour, a ſtrong and repeated poſi- 
tive electricity takes place; but in proportion 
as the gathering of the cloud flackens, this 
electricity leſſens, or even fails. On the con- 
trary, if the rare extenſive cloud is gradually 
formed of ſmaller clouds, like locks of wool, 
which are continually joining to, and parting 
from each other, the poſitive electricity com- 
monly continues. 

Low and thick fogs, (eſpecially 8 as 
they riſe the air above them is free from moiſ- 
ture) carry up to the exploring wire an elec- 

tricity 
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tricity which will give ſmall ſparks. repeatedly, 
and produce a divergence of the balls from 
20® to 25, or even 309. If the fog grows 
nuggiſh, and continues round the exploring 
wire, the electricity ſoon fails; but, if it con- 
tinues to riſe, and another cloud ſueceeds, it 
electrifies again the wire, though leſs than bes 
fore. Sky-rockets ſent through fuch thick, 
low, and continued fogs, often afford ſigns of 
electricity. P. Beccaria, under any one of the 
direumſtances above deſeribed, never met with 


| an inſtance of negative electricity; except, 
6 perhaps once, when he ſent a ſky- rocket, to 


which a ſtring was fixed, through a lo thick 


fog; though he had afterwards every reaſon 
l to think that he Had miſtaken 4 Jai Aale 
- 11 f A true one. | 
> Mr. Ronayne obſerved, n che ait in hw I. 
* land was generally electrified in a fog, and even 
— ima miſt, and that both day and night; but 
y principally in winter; ſeldom in ſummer, ex- 
, cept from poſitive clouds, or cool fogs. The . 
g electricity of the air in a froſt or fog is always 
1 poſitive. He ſays; that he has often obſerved, 
during what ſeemed the paffing of one cloud, 71 
as ſucceffive changes from negative to l e, | 
. and from poſitive to negative. : . 
c- N. B. Moſt! ſogs have a ſmell very like: __ = 
ty excited glaſs tube. =_ 
P 3 Mr. | 
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Mr. Henly has ſhewn, that fogs are more 
ſtrongly electrified in, or immediately after a 
froſt, than at other times; and that the elec 
tricity in fogs is often the ſtrongeſt ſoon Ou 
their appearance. 

Whenever there appears a thick fog, and at 
the ſame time the air is ſharp and froſty, that 
fog is ſtrongly electrified poſitively. 

Though rain is not an immediate cauſe; 
vet he is inclined to think it was always a re- 
mote conſequence, of electricity in the atmo- 
ſphere ; and he generally found, that in two 
or three days after he had diſcovered the air to 
be ſtrongly electrified, we had rain, or "OI . 
falling weather. . 
If, in clear weather, a low cloud, which moves 
flowly and is conſiderably diſtant from any 
other, paſſes over the wire, the poſitive elec- 
tricity generally grows very weak, but does 
not become negative; and when the cloud'is 
gone, it returns to its former ſtate, ' When 
many whitiſh clouds, like locks of wool, keep 
over the wire, ſometimes uniting with, and 
then ſeparating from, each other, thus forming 
a body of conſiderable extent, the poſitive 
electricity commonly increaſes. In all the 
above circumſtances the poſitive Nee 
never changes ta a negative one. 
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The clouds which leſſen the electrieity of the 


exploring wire are thoſe which move; though. 
thoſe that are low ſeem alſo to have the ſame 
effect. | 


Of the Diurnal Atmoſpherical Ekftricity.. 


In the morning, when the hygrometer indi- 


cates a degree of dryneſs equal to, or little leſs 


thay, that, of the preceding day, an electricity 


takes place before the ſun riſes ; which is 


manifeſted by junctions, adheſions, or even a 


divergence of the balls, and is propoxtional to 
the dryneſs of the air, and the ſmallneſs of its 
difference from that of the preceding day. II 
this ſtate of dryneſs. does not obtain, no dis. 
cetnable electricity will be perceived before, or 
even for a little while. after, the ring of the 


ſun. As the air is generally damp in the night, 
electricity is ſeldom. obſerved before the ſun 


riſes. During three months obſeryations P. Bec- 
aria, found the electricity before the ſun roſe 
only eighteen mornipgs ; and from the whole 
of his numerous obſervatigns it appears, that 
the appearance of electricity in winter before 
ſun · riſe is more frequent than! in the ſummer, 
eſpecially if the, dampneſs from hoar- froſt is 
prevented from affecting the apparatus. 1 5 
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In the morning, as the ſun riſes higher, the 
electricity, whether it begun before ſun-riſe or 
only after, gradually increaſes. This gradual 
increaſe of the morning electricity begins ſooner 
if the hygrometer continues after ſun-riſe to 
indicate a greater degree of increaſing dryneſs, 
The intenſity and the rife. of the electricity 
(after it has been annihilated by touching the 
exploring wire) laſts in ſerene days, in which 
no impetuous wind takes place, and the hy- 
grometer is ſtationary at the higheſt degree -it 
has attained that day, till the ſun draws near 
the place of its ſetting. 'When the ſun is near 
' ſetting, and in proportion as the hygrometer 
abſotbs the moiſture, the wachen of the daily 
electricity leſſens. | 
Though the hygrometer may indicate equal 
degrees of dryneſs at twelve o'clock, in differ- 
ent days, yet the electricity will appear ſooner 
after being deſtroyed on ſame days than on 
others; 3 and this is in a great meaſure propor- 
tioned to the increaſe of heat, The dlectrieity 
moreover commences on ſuch days later in the 
morning, and falls ſooner in the evening. EN... 
The friction of winds againſt the ſurface of 

the earth is not the cauſe of atmoſpheric elec- 
tricity. Impetuous winds leflen the intenſity of - 
the electricity in clear weather; If they are 
damp, 85 leſſen its n in proportion tq 
the 
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11 cold ſeaſons, if the ſky is ; clear, little wind, 
and a great degree of increafing dryneſs, an 
electricity of confiderable intenſity ariſes after 
ſun-ſet, as ſoon as the dew begins. The fre- 
quency of ſuch electricity is moreover greater 
than that of the daily electricity, and i it vaniſhes 
flowly, 

In temperate or warm ſeaſons, if the ſame 
circumſtances as above take place, an electri- 
city intirely fimilar to the former ariſes as ſoon 
as the ſun has ſet ; only its intenfity is not ſo 
conſtant, it begins with greater 3 m4 and 
= ſooner, | 

under the above circumſtances ele 
151 1 general dryneſs of the air happens to 
be le 57 the electricity that ariſes in the even- 
ing, when the dew begins, is leſs in proportion 
to the diminutions of the exactneſs of the inſu- 
lation of both the exploring wire and the at- 
moſphere ; ; but correſpondently to the greater 
quantity of dew, | the e of the cen 
18 greater. Gs . 
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I)hbe electricity of dew ſeems to depend on the 

quantity of dew, and to follow in its various 
changes proportions ſimilar to thgſe which take 
place between the electricity of calm mild rain, | 
and that of rainy and ſtormy weather, and yaries 
alſo-according to the ſeaſons. 

As rain, ſhowers, the Aurora PW: and 
the zodiacal light, have a tendency to appear 
for ſeveral ſucceſſive days with 'the ſame cha- 
racteriſtic accidents, ſo the electricity of dew 
ſeems to have as it were an inclination to appear 
for ſeveral evenings r vel with the ſame 
characters. | 


ExpPERIMENT CLXXX, 
Let the air in a well-cloſed room be electri- 
fied ; that is to ſay, the moiſture. and other va- 
pours diffufed in it : then let a bottle, filled with 
water. colder than the air in the room, and. in- 
| ſulated on a tube of glaſs, be raiſed pretty 
bigh in this room. Care muſt be taken to pre- 
ſerve the inſulation of the glaſs with warm 
cloths. The electric ſigns that will ariſe in two - 
threads ſuſpended to ſuch bottle will exactly | 
repreſent the electricity of dew ; and they will 
exhibit the different manner after which this 
electricity takes place, according as the elec- 
Keen vapourg in = room are more or 

leſs 
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Jefs rare, 46 the difference between the heat of 
the air in the room, and that of the water in 
the bottle, is leſs or greater, and y infulation 
of the bottle is more or leſs exact. Fe 
In a thunder -ſtorm Mr. Wege ria; 
that the flaſhes would cauſe ſudden changes. 
Sometimes the electricity would be extended, 
ſometimes diminiſhed ; at other times increaſed, 
and ſometimes even changed to the contrary 
again, though none was perceived before; 
it would come on ſuddenly with a flaſh of light- 
ening. A large thunder-cloud, when it dark- 
ens the hemiſphere, does not produce ſo much 
electricity as a branch of it, or even as a com- 
mon ſhower ; that a ſtorm does not go in a 
regular current of the wind, but obliquely and 
zig-zag; viz. it rains in that region nnd 
pp ny the ſtorm is to dag + - or 
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Experiment and Obfervati ons. on Aßlar. 
| cal Electricity, by Mr. Cavallo, 


1 Thel were principally made with. an electri- 
cal kite, which will collect electricity from the 
air at any time. The power of this inſtrument 
refides in the ſtring. The beſt method of ma- 
king the ſtring is by twiſting two threads bf com- 
mon twinewith one of that copper thread which 
is uſed for trimming : a ſchoot-boy's kite with 
ol this 
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this firing. anſwers, the purpoſe as well as any, 
other, When a kite, conſtructed i in this mans. 
ner, was raiſed, Mr. Cavallo ſays he always 
obſerved the ſtring to give ſigns of electricity, | 
except. once; the weather was warm, and the 
wind fo weak, that the kite was raiſed with 
dificulty, and could hardly be kept up for a 
few minutes: afterwards, when the wind in» 
excaſed, he obtained as uſual a ſtrong poſitive 
electricity. 
If the kite was raiſed; at a time when. therg, 
was any probability of danger from the great 
quantity of electricity, Mr. Cavallo connected 
one end of a chain with the ſtzing, and let the 
other end fall on the ground, and placed him- 
ſelf alſo on an inſulating ſtool. Except the kite. 
is raiſed in a thunder- ſtorm, there is no great. 
danger that the operator will receive a ſhock, 
Although he raiſed his kite hundreds gf times 
without any precaution whatever, he ſeldom 
received even a few flight ſhocks in the arms, 
But it is not adviſeable to raiſe it while ſtormy, 
clouds are overhead. This is alſo leſs neceſſary, 
as the electricity of the atmoſphere may then 
be eaſily obſerved by other means. When the 
kite was raiſed, he often introduced the ſtring 
through a window into a room of the e 
and faſtened it by a ſtrong ſilk lace to a hea 


= chair in the room. Fig. 78, AB — 
. n 
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of the ſtring of the kite which comes within 
the room, C. the filk lace, DE a ſmall prime 
conductor, which, by means of a ſmall wire 
is connected with the ſtring of the kite; Fa 
quadrant electrometer, fixed upon an infulating 
Rand, and placed near the prime conductor z/ 
Ga glaſs tube about 18 inches long, gn a ball 
and wire of hraſs, which are fixed to the glaſs 
tube. This ſmall inſtrument is uſeful to de- 
termine the quality of the electricity when 1 it 
is not ſafe to come near the ſtring. This is 
effected by touching the ſtring with the wire, 
which takes a ſufficient quantity from it to aſe. 
certain thereby the quality. of the electricity, 
either by the attraction ands repulfion of light 
balls, ot the appearances of the electric light; or 
it may be aſcertained by a Leyden phial, which 
will retain a charge for a conſiderable time; 
and then the kite need not, be kept up any. 
longer chan is neceſſary to charge the phial, 

by which the quality will bg ſhewn even ar 
ſome days diſtance, 

If a charged phial is carefully have PEAS 
any of thoſe means by which it is known to be 
diſcharged, it, will retain its charge for a long 
time, On this principle the above-mentioned: 
phial is conſtructed : the bottle is coated in the 
uſual manner, the uncoated part of the. glaſs 
is covered with wax, or elſe well varnithed- 


A' glaſs tube, which is open at both ends, 15 
cemented into the neck of this phial, having a 
80 5 of tin-foil connected with its loweſt ex- 
tremity, which touches the inſide non · electric 
coating. A glaſs handle is fixed to the ball on 
the wire which paſſes into the foregoing glaſs 
tube; the wire f is of a proper length to touch 
the tin- foil which is at the bottom of the tube. 
Charge this bottle in the uſual manner, and 
then take out the wire from the glaſs tube by 
means of the glaſs handle. This may be done 
without diſcharging the phial ; and, as the fire 
cannot now eſcape eaſily, the charge o of a phial 
May be preſerved for many weeks. 
Fig. 80 repreſents a very fimple inſtrument 
(contrived by Mr. Cavallo) for making experi- 
ments on the electricity of the atmoſphere, and 
which, on ſeveral accounts, appears to be the 
beſt for the purpoſe. AB isa common Jointed 
fiſhing rod, withopt the laſt or ſmalleſt Joint: 
from the extremity of this rod proceeds a final 
glaſs tube C, covered with ſealing-wax, à cork 
D is fixed at the end of it, from which an elec- 
trometer with a pith ball is ſuſpended, HG 
is a piece of twine, faſtened to the other ex 
tremity of the rod, and ſupported at G by a 
ſmall firing FG. At the end of the twine T 
2 pin is faſtened, which, when puſhed into the 
cork D, renders the electrometer E uninſulated. 
125 When 
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When the electricity of che atmoſpere is % 
ſerved with, this inſtrument, thruſt the pin, T 
into the cork, D, and hold the rod by the lower | 
end A; place it out of a window at che upper 
part of the houſe, raiſing the end of che rod 
with the ele&rometer, ſo, as to make an angle 
of 50 or 60 degrees with the horizon. Keep 
the inſtrument in this fituation for a few. ſe⸗ 
conds, then pull the twine at H, and the pig 
will be diſengaged from the cork. D; which 
operation cauſes the ſtring to drop in the dot 
ted ſituation K L, and leaves the electrometer 
inſulated, and electrified with an electricity 
contrary to that of the atmoſphere. | This being 
done, you may draw the electrometer into the 
room, and examine the quality of the clefri- 
city, without obſtruction either from wind or 
darkneſs. I: "op 9 0 dur 
Fig. 81 is an eleftrometer * rain, con- 
e by Mr. Cavallo. ABCT. is a ſtrong 
glaſs tube, about two feet and a, half long, 
having a tin tunnel, DE cemented to its, ex- 
tremity, which funnel defends part of the 
tube from the rain. The outſide ſurface of the 
tube from A to B is covered with ſealing- wax, 
and ſo is the part of it which is covered by 
the funnel. F D is a piece of cane, round 
which braſs wires are twiſted in different die 
e ſo as to catch the rain eaſily, and at 
Ay the 
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the ſame time to make no refiſtance to the wind; 
This piece of Cane is fixed into the tube, and 
a ſmall wire prceeding from it goes through 
Ke tube, and communicates with the ſtrong 
wire AG, which is thruft into a piece of cork, 
faſtened to the end A of the tube; The end G 
of the wire AG is formed into a ring, from 
which a ſenfible pith ball electrometer is to be 
ſuſpended. This inſtrument is faſtened to the 
fide of a window frame; whete it is ſupported 
by ftrong braſs hooks at CB; which part of 
the tube is covered with a ſilk lace, in order to 
adapt it better to the hooks. The part FL is 
out of the window, with the end F elevated a 
little above the horizon. The remaining part 
of the inſtrument” comes through a hole in one 
of the lights in.the ſaſh; within the room, and 
no more of it touches the fide of the window 
than the patt CB: When it rains, eſpecially 
in paſting ſhowers, this inſtrument rs frequently 
electrified; and by the divergence of the electro- 
meter, the quantity and quality of the rain may 
be obſerved, without any danger of a miſtake. 
With this inſtrument, in rainy weather, Mr. 
Cavallo has been able to charge a ſmall coated 
phial at the wire AG. It ſhould be fixed 
in ſuch a manner that it may be eaſily 
taken off from the window, and replaced again, 
as occaſion requires; as it will be neceſſary 
N | 5 
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do clean it often, particularly when 2 ſhower of 
rain is approaching. oY * 


Deſripti of 4 ſriall gut amici 
cal 3 by. Mr. Cavallo. Kt 


+ +444 


Tue 9 part of this inſtrument is 2 
glaſs tube C D MN, cemented at the bottom 


into the braſs piece AB, by which part the 


inſtrument is to be held when uſed for the at- 
moſphere ; and it alſo ſeryes to ſcrew the in- 
firument into its braſs caſe ABO, fig. 76. 
The upper part of the tube CDMN is thaped 
tapering to a ſmall extremity, which is intirely 
708 with ſealing wax; ; into this tapering 

art a ſmall tube is cemented ; the lower ex- 
tremity G being alſo covered with ſealing- 
wax, projects a ſmall way within the tube 
CDMN; into this ſmaller tube a wire is ce- 
mented, which, with its under extremity, 
touches the flat piece of ivory H, faſtened to 


the tube by means of a cork ; the upper ex- 
tremity of the wire projects about a quarter of 


an inch above the tube; and ſcrews into, the 
draſs cap EF, which cap is open at the bots 


tom, and ferves to defend the waxed patt of 


the inſtrument from the W 
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T M and KN are two narrow fps of tin 


foil, fuck to the infide of the glaſs CD MN, | 


and communiĩeating with the braſs bottom AB. 
They ſerve to convey that electricity which, 
when the corks touch the glaſs, is communi- 
cated to it, and, being accumulated, might 
diſturb the free motion of the corks. os 

To uſe this inſtrument for artificial electri- 
city, electrify the braſs cap by ati electtified 


ſubſtance, and the divetgence, or convergence 


of the balls of the electrometer, at the ap- 
proach of an excited Electric, will ſhew the 
quality of the electricity. The beſt manner to 
electrify this inſtrument is, to bring excited 
wax ſo near the cap that one or both of the 
corks inay touch the fide of the bottle CDMN, 


after which they will ſoon collapſe and appeat 


unelectrified. If now the wax is temoved, 
they will again diverge, ahd remain eleQrified 
poſitively. 
Wben this eleftometer is to be uſed to try 
the electricity of the fogs, air, clouds, &c; 
the obſerver is to do nothing more than to un- 
ſcrew it from its caſe, and hold it by the bot- 
tom AB to preſent it to the air a little above 
his head, ſo that he may conveniently ſee the 
corks P, which will immediately diverge if 


there is any electricity; i. e. whether poſitive 
or * negative may be aſcertained, by bringitig a1 
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_kxcited piece of ſealing · wax or other pleftric 
Ds HAHN Ft EF; 1 CHEE hays 
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nia How deduced ys the Eine 
5 . with the Elettri cal Kites. 6 


de The air appears to be 4 at all 


times. Its electricity is conſtantly poſitive, 
and much ſtronger in froſty than in warm wea⸗- 
ther ; but it is by no means leſs in the * 
than 1 in the day tine. > 
21 The preſenee of the aka 5 85 


leſſens the electricity of the kite: ſometimes 


it has no effect upon it, and it ar: enen 


creaſes it. | Ti 


3. When it rains the eleAritity of 0 10 
is generally negative, and ſeldom poſitive. * 

4. The Aurora Borealis ſeems not to affect 
the electricity of the kite. 

8 The electrical ſpark, en ben ce 
ficing of the kite, or from any inſulated con- 
ductor connected with it, eſpecially when it 
does not rain, is ſeldom longer than a quarter 
of an inch, but it is exceedingly pungent. 
When the index of the electrometer is not 
higher than 209, the perſon who takes the 
n will feel the effect of it in his legs; it 

ien 8 appears 
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appears more like the diſcharge of an elec- 
tric jar, than the ſpark taken from the prime 
conductor of an electrical machine. 5 
6. The electricity of the kite is in general 
ſtronger or weaker, according as the ſtring is 
longer or ſhorter, but it does not keep any exact 
proportion to it. For inſtance; the electricity 
brought down by a ſtring of a hundred yards 


may raiſe the index of the electrometer to 202, 


- when with double that length of ftring the in- 
dex of the electrometer will not £0 Aa 
than 230. 

7. When the en 1s akin and the 
electricity is pretty ſtrong, the index of the 
electrometer, after taking a ſpark from 'the 


ſtring, or ' preſenting the knob of a coated 


phial to it, riſes ſurprizingly quick to its uſual 
place, but in dry and warm weather -it- riſes 
exceedingly flow. 

It appears, from the obſervations which- have 
been made on the electricity of the atmoſphere, 
that Nature makes great uſe of this fluid in 
promoting vegetation. 

1. In the ſpring, when plants ations grow, 
then temporary electrical clouds begin to ap- 
pear, and pour forth electric rain. The elec- 
tricity of the clouds and of the rain continues 
to increaſe till that part of the autumn in 
which the laſt fruits are gatbhere . 

2 | 2. It 
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2. It is this fluid which fupplies common 
fire with that moiſture by the help of which 
it actuates and anirates vegetation; it is 
the agent that collects the vapours, forms the 
clouds, and is then employed to diſorder and 
diſſipate them in rain. | 

3: From the ſame principle. may be. ex- 
plained the proverb, that No watering gives 
the country ſo ſmiling a look as rain, The 
clouds of rain, by extending their electric at- 
moſphere to the plants, diſpoſe the pores of the 
latter to receive with greater facility the water 
which is impregnated with this penetrating and 
dilating fluid. Beſides, it is natural to ſup- 
poſe, that the poſitive electrieity which con- 
tinually prevails in ſerene weather, will contri- 
bute to promote vegetation, fince this has 
been found to be the effect of even artificial 
electricity. 
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. Of the Imperfettion of Meteorology, fo long 
as Barometrical, Thermometrical, and Hy- 
' grometrical Obſervations are not accompa- 
nied with the regular Obſervation of the 
Electricity of the Atmoſphere, of the Elec» 
tricity of Rain, Snow, Miſts, and aqueous 
Meteors in general, By Mr. ACHARD. 


As it is now clearly aſcertained, that elec- 
tricity is a cauſe of various meteorological 
phenomena, it is rather ſurprizing that philo- 
ſophers have not perceived the abſolute neceſſity 
of joining an inſtrument by which obſervations 
may be made on the electricity of the atmo- 
ſphere, to thoſe which indicate its weight, 
heat, and humidity. 
Without conſidering in this place the differ- 
ent proofs of the influence of electricity on 
meteors, it will be ſufficient to remark, that 
we cannot attain to an adequate knowledge of 
any phenomena, occaſioned by the concur- 
rence of various cauſes, without being ac- 
quainted with them all; for if any one is 
neglected, it will be abſolutely impoſſible tho- 
roughly to explain the phœnomena. If elec- 
tricity is not the ſole cauſe of ſeveral meteor- 
ological appearances, it is undoubtedly con- 
e cerned 
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cerned more or leſs in their formation; fo that 
by neglecting to obſerve it, as well as the ba- 
rometer, &c. we loſe the fruits of other, even 
very exact, meteorological obſervations. 

The influence of electricity on vegetation is 
proved by a ſet of obſervations made by differ- 
ent philoſophers; but it evidently appears, 
that the botanic meteorological obſervations . 
alone will never be ſo uſeful as might be ex- 
pected, till we unite thoſe made by an inftru- 
ment which will indicate the electric ſtate of 
the atmoſphere, to thoſe made with other in- 
ſtruments. It is owing to this cauſe, perhaps, 
that it is impoſſible to draw any conclufion 
from the botanical meteorological obſervations 
of Meflrs: Gautier and Duhamel, which were 
continued from 1751 to 1769. 

Mr. Achard has had an opportunity of eg 
only a few obſervations, but they were ſuffici- 


ent to convince him of che intimate connection 


that ſubſiſts between the formation of the moſt 
part of meteors, and p electri- 
city. 

To diſcover if the alitiofphers was electrical, 
he made uſe of a pair of light pith balls which 
were attached to a reſinous rod. This electro- 
meter, from its ſimplicity, is almoſt preferable 
to any other for merely diſcovering that elee- | 
ricity exiſts in the atmoſphere. 
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During the month of July, 1778, Mr. 


Achard obſerved daily the electricity of the 


atmoſphere in the morning, at noon, and in 
the evening, with a pair of ſmall pith balls, 
which were placed above the roof of the houſe, 
above 40 feet high, and ſufficiently diſtant 
from buildings, trees, &c. During the whole 
time there was only 10 days which gave no ſigns 


of electricity; 17 days, including the foregoing 


10, in which he could obſerve no electricity in 
the morning, though it became very ſenſible at 


- noon, and was very much increaſed. towards 


the ſetting of the ſun, Every other day he 


found the air electrical during the whole day, 


but always ſtrongeſt a little before ſun- ſet, a 
ſhort time after which it began again to dimi- 


niſh. 


If in ſerene weather the ky became ſuddenly 


cloudy, the electrometer indicated continual 


changes in the electricity of the atmoſphere ; 


ſometimes increafing, then diſappearing, then 
re- appearing; in which | caſe, it had generally 


changed from poſitive to negative, or vice 
verſa, In: windy. weather he found it difficult 
to obſerve with the electrometer, on account of 
the continual motion of the balls, It ſeemed 
to vary conſiderably when the air was heavy, 
but not windy, When the weather. was very 
calm, and the ſky without clouds, the electro- 
155 | % Þ - meter 
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meter did not alter in the leaſt, except towards 
ſun-ſer, when it increafed in a ſmall degree. 
It is remarkable, that in thoſe days in which 
he obſerved no electricity in the air, there was 
no dew at night; while on the other nights, ir 
fell in greater or leſs quantities. -He does' not 
think thoſe obſervations are ſufficient to deter- 
mine that the dew is occaſioned by electricity, 
but it may, he thinks, be fairly inferred, that 
the elevation and fall of the dew is obſtructed 
or promoted by the electricity of the air. It 
is eaſy to point out in what manner electricity 
may produce the effect. Let us fuppoſe the 
air to be either poſitively or negatively ele&ri- 
fied, but the ſurface of the globe where we are 
not to be ſo; the aqueous and volatile parts 
of the vegetables exhaled: by the rays of the 
fun, and ſuſpended in the air, will become 
electrie by communication. The air cooling 
by the abſence of the ſolar heat, will not, af- 
ter the ſetting of the fun, retain the aqueous 
particles with the fame force; and theſe being 
attracted by the non- electrie bodies which are 
on the furface of the earth, their ſuperſi cies 
will be covered with dew. Again, let us ſup- 
poſe that the ſurface of the earth is electrical, 
but that the air is not electrical, and the effect 
will be ſimilar to the preceding cafe. If the 
air and the earth are both electrified, but with 
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contrary powers, the attraction will be ſtronger 
and the dew more abundant, but no dew will 
fall if they are both poſſeſſed of the ſame pow- 
er, and in the ſame degree. It is known that 
the dew does pot fall with the ſame facility 
upon all bodies, and that electric bodies are 
thoſe on which it falls with the greateſt abun- 
dance. This fact admits. of an eaſy explana- 
tion, if we ſuppoſe electricity to. be the cauſe 
of the dew ; for the electric bodies do not rea- 
dily receive electricity from the medium which 
ſurrounds them; there is, therefore, always a 
greater difference between the electricity of the 
air and that of the electrics which are placed in 
it, than between the electricity of the air and 
the conducting bodies which it envelopes. 
Now it is in the ratio of this difference that 
the power of electric attraction acts, and con- 
fquently theſe bodies ought to be covered 
mare abundantly with dew. 
As electricity is often, if not always, ho 
| cauſe of dew, no one will doubt the neceſſity 
of attending to it in the botanical meteorology, 
as every one is acquainted with the influence of 
dew on the growth of yegetables, / 
In the Phil. Tranf, for 1773, are obſerva- 
tions on the electricity of fogs, which prove 
that they are generally electrical. Mr. Achard 
has made ever obſeryations, the reſults of 
| which 
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which correſpond entirely with thoſe, for he con- 
ſtantly found that the air was more or leſs eleg- 


trified by a fog. Twice he obſerved, that in 
the ſpace of a few minutes the fog ceaſed alto- 
gether, and fell in form of a fine rain; and 
though it was very thick, diſappeared in about 
ſeven minutes. It is alſo very probable that 
rain is occaſioned by electricity; and of this 
we ſhall be convinced, if we conſider the attrac- 
tions and repulſions that the terreſtrial or atmo- 


ſpheric electricity muſt occaſion, as well be- 
tween the ſurface of the globe and the vapours 


contained in the air, as between the particles 
of vapour which always neceſſarily tend to diſ- 


perſe or unite the aqueous particles which 
ſwim in the atmoſphere, and to bring them 


nearer, or carry them farther from, the earth. 


Having proved the neceffity of combining 


it 


obſervations on the electricity of the atmoſphere 


with other meteorological obſervations, Mr. 


Achard proceeds to deſcribe the properties re- 
quifite in a good atmoſpherical electrometer, 


the want of which accounts for the neglect and 
ſupineneſs of philoſophers on this ſubject. 
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Nadin Requ: 10 es in an America 
Eleftrometer. | 


* 


1. It ſhould be eafy in its uſe. 

2- It ſhould not only indicate that the air is 
electrical, but in what degree. 

3. It is neceſſary that we may learn whether 
it is poſitive or negative. 

4. That the obſerver ſhould be in no danger 
in ſtormy weather. 

5- That it be portable. 

The number of difficulties, which oppoſe the 
conſtruction of an inſtrument which will unite 
all theſe advantages are very confiderable. 
The greateſt is to inſulate the metal which re- 

| ceives the electricity from the air, ſo that rain 

may not eſtabliſh a communication between it 
and the earth, and that the inſulation is ſuffi- 
ciently perfect to prevent too quick a diffipation 
of the electricity received by the metal. Mr. 
Achard does not pretend that he has ſurmount- 
ed all theſe difficulties, but after feveral trials 
he has contrived an inſtrument ſufficiently 
portable, eaſy to obſerve with, and that with- 
out danger. 


Deſcription 


OST 
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Deſeri Prion. of the portable. Atmoſpherical 
Electrometer, contrived for the . 


already mentioned. 


— 


7 5 his 3 A compoſed of a hollow and 
truncated cone of tin, whoſe upper end is open, 
and which is cloſed at bottom by a plate of che 


fame metal. This plate is covered, in the in- 


fide of the cone, with a layer of roſin two 
inches thick : to the lower ſurface of this layer 
of roſin a tube of tin is cemented, which, 
when it is placed on a wooden. pedeſtal, ſup- 
ports the cone in ſuch a manner, that the great 
baſe is horizontal, and turned downwards; the 
roſin inſulates the cone perfectly, and, when 
the latter becomes electric, prevents the loſs of 
its electricity by tranſmiſſion. The cone muſt 
be high enough, and its inferior baſe muſt ex- 
ceed far enough, in diameter, its ſuperior ex- 
tremity, to prevent the rain, even though it 
ſhould fall in an oblique direction, from wetting, 
either in its fall, or by rebounding from the 


pedeſtal, the lower ſurface of the rofin-layer, 


with which the bottom of the truncated cone is 
internally covered : otherwiſe the cone would. 


| ceaſe to be inſulated, and the electrometer 


would be changed into a conductor. On the 
truncated part of the cone Mr, Achard faſtens 
2 
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a ſquare iron branch, on which he places 2 
thermometer and two electrometers; the one 
very light, and thus capable of being ſet in mo- 
tion by ſmall degrees of electricity; the other 
heavier, and which, conſequently, only riſes 
when the electricity becomes too ſtrong to be 
meaſured by the light electrometer. Beſides 
theſe two electrometers, Mr. Achard tied to the 
iron bar a thread, which indicates, by its riſing, 
the ſmalleſt degrees of electricity: the whole 
is inclofed in a receiver of glaſs, open above 
and below; the baſe of this receiver is alſo, 
inſulated with roſin, that it may not derive any 
electricity from the tin cone; the remaining 
ſpace of the upper part of the receiver, between 
the bar of metal, which paſſes through it, and 
the glaſs, is likewiſe filled with rofin, to pre- 
vent the communication of electricity to the re- 
ceiver ; to preſerve this roſin from rain, which, 
by moiſtening i it, would form a communication 
between the receiver and the bar, it is covered 
over with a glaſs funnel, through which the 
bar paſſes, and which hinders the rain from 
falling on the rofin. This receiver is alſo in- 
diſpenſably neceſſary to prevent the action of the 
wind upon the electrometers, which would 
render the accurate obſervation of them impoſſi- 
ble. At the end of the metal bar, which paſſes 
through the receiver, hollow tip pipes may be. 
placed, 
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placed, .of a ſmall diameter, to render them 
as light as poſſible, and they may be raiſed to 
the height of 10, 20, or 30 feet. The upper 
end of the pipe terminates in an iron point, ex- 

- tremely ſharp and well gilt; the gilding is ne- 
ceſſary to hinder the point, which muſt. be al- 
ways even and ſmooth, from contracting ruſt. 
With reſpect to the elevation that it may be pro- 
per to give to the tin-pipe, this muſt vary with 
the height of the buildings or trees in the dif- 
ferent places where obſervations are made ; for 
the height of the pipe muſt always exceed, at 
leaſt by ſix feet, the eleyation of all the bodies | 
that are near it. Mr. Achard joins a thermome- 
ter to this machine, which may be-obſerved ar 
the ſame time, and be the means, perhaps, of 
diſcovering the relation, if any there be, be- 
tween electricity and the temperature of the 
air. A barometer and: hygrometer may, with 
facility, be added to this inſtrument for the 
ſame purpoſe. 

In order to know whether the dedricity of 
the air be poſitive or negative, Mr. Achard 
ſuſpends a ball of cork, by a linen thread, on 
the wire which communicates: with the iron 
bar, and which paſſes through the roſin, with 
which the baſe of the truncated” cone is covers; 
ed. The wire muſt be of ſuch a length, that 
bodies, poſitively or negatively. electrical, may 
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be commodioufly brought near the cork ball, 
which is ſuſpended on it; and it is according as 
theſe bodies attract or repel the ball, that the 
obſerver lezrns, whether the electrieity which 
the inſtrument has received from the air, be 
poſitive or negative. 
That the obſerver may be in no laces from 
ſudden accumulations of electricity, which 
ſometimes happen, Mr. Achard faſtens to the 
baſe of the pedeſtal an iron bar, which not only 
communicates with, but even enters into, the 
ground, ſeveral feet deep. This bar, whoſe 
upper part terminates in a round knob or ball; 
muſt be only at the diftance of an inch from 
the cone. When the electrical fluid is fo ac- 
cumulated that the inſtrument can no longer 
contain it, it will difcharge itſelf againſt this 
metal bar, which will conduct it under ground. 
The fame thing would; if the lightening fel! 
upon the inſtrument, and the obſerver would 
be in no ſort of danger, even at the diſtance 
of a few feet. When the inſtrument is placed 
in a garden, this method of forming a commu- 
nication with the ground is ſubject to no incon- 
veniency z but if it ſhould be judged proper to 
employ the inſtrument in a houſe, (which may 
be done by making the tin pipe paſs through a 
hole in the roof, and placing the inſtrument in 
a garret) the manner above-mentioned of form- 
. WS 
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| ing its communication with the earth would 


not be fo eaſily executed: in this caſe, the 
communication muſt be effected by means of 
a bar of metal deſcending from the garret to 


depth of ſome feet under ground; and for 


greater ſecurity againſt the too great proximity 
of a thunder- ſtorm, it would be proper to place 
the metallic bar in contact with the cone of tin: 
thus the inſtrument would become a real con- 
ductor, which, inſtead of expoſing the houſe 
to danger, would, on the contrary, preſerve it 
from all the accidents that are occafioned by 
lightening. 

When the inſtrument is Dsl in a garret, 
or on the platform of a houſe, no inconveni- 
ence is to be apprehended from aſcending; dews; 
but when it is placed in a garden, the dew ad- 
heres to the roſin which covers the truncated 
baſe of the cone, and forming thus a commu- 
nication between the cone and the earth, makes 
the inſtrument loſe the electricity with which ir 
may have been charged. To prevent this ac- 
cident, it is neceſſary to pave the ground on 
which the inſtrument is placed, and bat in ſuch 
a manner, that the pavernent may extend itſelf 
on all fides, at leaſt two or three feet beyond 
the circumference of the lower baſe of the cone: 
the riſing of the dew, which by adhering to 
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the reſin might damage che inſtrument, wit 

ve thus effectually preventeeeeec. 
When the air is electrical, it ee 
* vily communicate its electricity to the vapours 
which it contains. This is evident from the 
formation of lightening, which is not produced 
by the diſcharge of the electrical matter of the 
air, but by that of the vapours which float in 
that atmoſphere. Hence it follows, that rain, 
ſnow, hail, miſt, and dew, muſt be very often 
electric. As it appears to Mr. Achard a matter 
of great conſequence to know and obſerve ex- 
actly the electricity of theſe meteors, he has 
conſtructed a machine that is adapted to dif- 
cover both its nature and degree. This ma- 
chine is compoſed of a truncated tin cone, 
eloſed at the top, open at bottom, and inſula- 
ted upon a pedeſtal, like that of the machine 
employed to meaſure the electricity of the 
air. In the center of the upper truncated 
part of the cone, Mr. Achard fixes an iron bar 
terminated by a ball; he covers the whole with 
an inſulated glaſs receiver, high enough to 
have its ſummit at the diſtance of three inches 
from the ball, which terminates the iron bar, 
to which he faſtens a very ſenſible electrometer, 
and alſo a linen thread to diſcover the ſmalleſt 
degrees of electricity. As this inſtrument ig 
* little elevated, and has no pointed extre- 
; mity, 


ON ELECTRICITY. an 


mmity, it is not eaſily charged with the electri- 
tity of the air, which; at ſuch a degree of 
proximity to the earth, is always impercepti- 
ble; but rain, ſnow, hail; miſt, and dew; if 
they are electrical, will render it alſo electrical 
by falling upon the cone; the degree of elec- 
tricity is aſcertained by the electrometer, 
which is under the receiver; and in order to 
know whether it be pofitive or negative, the 
obſerver has only to employ che method indi- 
cated above, in our account of the inſtrument 
uſed to meaſure the electricity of the air. Be- 
fides the uſe of this inſtrument in diſcovering 
the electricity of aqueous meteors, it may fill 
ferve farther purpoſes : it may be highly uſe- 
ful to compare it with the atmoſpherieal elec- 
trometer, in order to diſcern the true principle 
df the electricity with which it is .charged, 
and to fee whethe? it proceeds immediately 
from the air, or from the heterogeneous bodies 
that are ſuſpended in the atmoſphere # for the 
atmoſpherical elerometer may alſo become 
electrical by rain, fnow; hail; or miſt ; and 
the comparing theſe two inſtruments is the 
only method that occurs to Mr. Achard by 
which we can know, whether it receives its 
electricity directly from the air, or by the in- 
tervention of bodies (indued with a conducting 
power) which are diffuſed in it. H, during 
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tain, hail, ſnow, or miſt, che atmoſpherical 
electrometer is electrical, while that which in- 
dicates the electricity of -- aqueous meteors is 
not ſo, we may conclude, with certainty, that 
the electticity of the former ptoceeds only 
from the air; if, on the contrary, they are 
both electrical, it muſt then be inquired, he- 
ther they be ſo in the ſame degree; if this be 
the eaſe, it is only to the rain, or ſnow, & 
dhat the electricity muſt be attributed; I need 
not obſerve (concludes Mr. Achard) that when 
there is neither rain, ſnow, hail, or miſt, the 
atmoſpherical electrometer will en mn, 
the ne the Metre 755 3 fy 
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CHAP, xl. hy 


ese 


1 * 


73 are. chiefly pk Le ap the Abbe 
Nollet for what is known on the ſub- 
ject of this chapter, which was inveſtigated 
by him with incredible induſtry and patience; 


I have only ſubjoined the principal reſult of his 


experiments, and muft, refer the reader, . for 4 
more ample account, to the Abbe's own wri- 


tings, or Dr. Prieſtley's Hiſtory of Elec- 


tricity; 
Electricity augments the natural evaporation 


of fluids; fince, excepting mercury and oil, 


all the others which were tried ſuffered a dimi- 


#4 4 


nution that could not be aſcribed to any .other 


cauſe than electricity. 
It / increaſes the evaporation of thoſe fluids 


moſt which naturally tend to eyaporate rea- 


dily. Volatile ſpirits of ſal-ammoniac loſt 
more than fpirits of wine, this more” than Was 
ter; MCc | f 
Electricity acts ſtrongeſt upon fluids when 
the veſſels which contain them are non- clectries. 
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The eviporation was greateſt i in the nol open 
veſſels, but did not increaſe in proportion to 
their apertures. It does not make any liquor 
evaporate through the pores either of nn or 
of . 

To extend theſe princi hen FRF the Abbe 
made a great variety of experiments on electri - 
fied capillary tubes, and found, that the ſtream 
would be ſub-divided, but is not ſenfibly ac- 
celerated, if the tube is not leſs than one tenth 
of an inch diameter in the infide. 

Under this diameter, if the tube is wide 
enough to let the fluid run in a ſtream, electri- 
city will accelerate its motion in a ſmall de- 

gree. 8 | 

If the rübe in 10 für capillary that the water 
only iſſues from it in drops, the electrified jet 
becomes a continued ſtream, it will even be 
divided into ſeveral fmaller ones, and its motion” 
is confiderably accelerated ; the ſmaller the di- 
ameter of the tube, the greater is the accelera- 
tion. When the ſurface” is wider than one 
tenth of an inch, electricity ſeems rather ta 
retard the motion of the fluid, 


. 


ExrERIXI NT. CLANIT. 


Fig. 77 : repreſents a metal Phial, to which « a 
capillary tube i is adapted, which will only pers 
nüt 
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mit water to paſs through it in nN 
drops. Fill the pail with water, and ſuſpend 
it from the prime conductor, then turn the cy- 
linder, and the water will paſs through the 
tube in à continued ſtream, this will ſeparate 
into other ſtreams, that will appear n 


in the en 


3k yi 


EXPERIMENT CLXXXIL 


8 one pail from a poſitive . | 
and another from a negative one, fo that the 
end of the tubes may be about three or four 
inches from each other, and the ſtream proceed- 
ing from one will be attracted by that which 
iſſues. from the other, and form one ſtream, , 
which will be luminous in the dark. 4 

If the pails are ſuſpended on two poſitive,” 
or two negative conductors, the ſtreams will 
recede from each other, 


8 E RIM EXT CLXXXIII. 


Place a metal baſon on an inſulating ſtand, 
and. connect it with the prime conductor; then 
pour a ſmall fireary of water into the baſon, 
which in the dark will have a beautiful appear- 

R 3 ance, | 
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EO as the ſtream will be Weiden into a a gre 
number of lucid drops. 


Exyantient CLAXXIV. 


Dip a ſponge in water, and then ſuſpend it 
from the conductor; the water, which before 
only dropped from it, will now fall faſt, and 
appear in the dark like fiery rain | 


ExXPERI [MENT CLXXXV. 


8 ** 


Hold a pail, which 3 is furniſhed with erer 
. capillary tubes placed in various directions, near 
ap electrified conductor, and the water will 
ſtream out of theſe jets near the conductor, 
while it will only drop at intervals from choſe 
which are oppoſite to it. 


EXPERIMENT CLXXXVI. 


The knob of a EY RP jar will attract a drop 
of water from a ſaucer, &c. This drop, the 
moment the bottle is removed from the ſaucer, 
aſſumes a conical ſhape, and if it is brought 

near any conducting ſubſtance, it is driven for- 
eibly away in ſmall ſtreams, which are lumi: 


/ 
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| 4 15 in the dark, 
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It appears by this experiment, that the 
electrie fire not only tends to ſeparate the par- 
ticles of water, and to diſſipate them into va- 
pour as common fire, but that it effects this 
with de W 55 


ExXPzRIMENT. CLXXXVII. 


Diſcharge a battery through a drop of water, 
previouſly placed on the knob of one of its 
bottles, the whole will be inſtantly exploded 
into vapour ; the ſparks will be much W 
than common, and more compact. 

Beccaria obſeryes, that by ſending a 8 "Y 
charge to. a greater or leſs diſtance, through 
one or more drops of quickſilver, the diſcharge 
diffuſes itſelf into drops, and drives them 1 into 
vapour; part of it riſing into the air in the 
form of ſmgke, the Aber part remains on the 


| 2 


Exr ERIME x 2. CLXXXVIIL 


A drop of water, hanging from the con- 


denſing ball of an electrified conductor, will 


ſtretch towards water placed in a cup under it, 
lengthening and ſhortening irſelt ee to 
. the force of the electricity. 
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| ExPERIMENT cLXXXIx. ; 


Place a drop of water on the prime conduc 
tor, turn the machine, and long zig-zag ſparks 
may be taken from it; the drop will take a 
conical figure; the body that receives the ſpark 
will be wetted, and the ſparks will be confider- 

*ably longer than can be obtained from the cn · 
r without the Voter“ 9 E 
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Stick a piete of ſealing-wax c on the conduQor, 
in ſuch manner that it may be eaſily ſet on fire 
by a taper; - while it is flaming turn the cylin- 
der, the wax will become pointed, and ſhoot 
out an almoſt inviſible thread into the air, to 
*the- length of a yard and more. If the fila- 
mtnts that are thrown out by the wax are re 
ceived on a ſheet of paper, the paper will be 
covered by them in a very curious manner, and 
the particles of the wax will be fo far ſub. 
div ided as to reſemble fine cotton. To faſten - 
the piece of wax conveniently to the conductor, | 
ſtick it firſt on a ſmall piece of paper, then 
twiſt the end of the paper ſo as to fit one of the 
holes v which are made in the prime conductor; 


when 


. » Nicol) Intodyſtion to Philoſophy; 
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when it is 1 3 it _ be readily fired | 
by a taper.*.-.. 
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Iofalite a fountain, made by condenſed” air, 
and which emits only one ſtream ; electrify the 
fountain, and the ſtream will be ſeparated. into 
a great number; theſe will diffuſe themſelves 
equally over à large ſpace of ground. By lay- 
ing a finger upon the conductor, and taking it 
off again, the operator may command either 
the fingle ſtream or the divided page at Plea- 
ſure. | | 
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Electrify two {mall inſulated W with 
the different electric powers; the ſtreams. of 
both will be diſperſed. into very minute parti- 
cles, which will run together at the top, and 
come down i in heavy drops, like a ſhower * 


tan. 
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CHAP. XIV. e way 
Of the Electric Light in Pans 


: EXPERIMENT. CXCII.L. 


AKE a tall dry receiver, and inſert. in 
the top, with cement, a wire with a 
rounded end, then exhauſt the receiver, and 
preſent the knab of the wire to the conductor, 
and every ſpark will paſs through the vacuum 
in a broad ſtream of light, viſible the whole 
length of the receiver. The ſtream often di - 
vides itſelf into a variety of beautiful, rivulets, 
which are continually dividing and uniting in 
a moſt pleaſing manner. If the veſſel is graſped 
by.the hand, at every ſpark a pulſation is felt, 
Hike that of an artery, and the fire bends itſelf 
towards the hand. This pulſation is even felt 
at ſome diſtance from the receiver, and in the 
dark, a light is ſeen between the hands and the. 
glaſs, 
| From ſome experiments made ſeveral years 
fince by Mr. Wilſon, with an excellent air- 
pump of Mr. Smeaton, he obſerved, that very 
fmall differences of air occafioned very material 
differences in the luminous effects produced by 
the electric fluid; for when all the air was taken 
: 5 _ out 
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gut of the receiver, which this pump at. that 
time was capable of extrafting, no electrie 


light was viſible in the dark, Upon letting in 
2 little air by a ſtop- cock, a faint electric light 
was viſible, and by letting in a little more air 
increaſed the light, which again decreaſed on 
letting in more air ; till at laſt, on admitting 
great quantities, it intirely vaniſhed, By this 
experiment it appeared, that a certain limited 


quantity of air was neceſſary to occaſion the 


greateſt luminous effect. 


EXPERIMENT CXCIV. 


Fig. 82, repreſents an exhauſted receiver, 
ſanding on the plate of an air pump, a+ an 
electriſied wire diſcharging a ſtream & c of the 


electric fluid on the plate of the air pump. If 


the ſtratum of air on the outſide of the receiver 
be leſſened . by the application, of the finger ta 
the receiver, and by this means an opportunity 
be given to the fluid on the outfide to eſcape, 
che fluid within will be impelled to that part, 
as at def, It has been inferred from this 
experiment, that no repulſive power exiſts be. 


tween the particles of the electric fluid; bee 
cauſe, if it was in itſelf really elaſtic, or en 


dowed with a repulſive power of its own, it is 
not probable it could ak in an uninterrupted 
ſtream, 
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fiream, as at 6 65 when the reſiſtance was db 
ken off; it would then ſpread wider, and Apple 
its elaftic power. 

It is more confiſtent, ſays Dr. Watſon, to 
fuppoſe, that the repulſion of theſe particles 
which is ſeen in the open air, is occaſioned by 
the reſiſtance of the air, and not to any natural 
tendency of the electricity iſe. | 

The following experiment of Beccaria con- 
veys a clear idea of the reſiſtance the air makes 
to the paſſage of the electric fluid, and of the 
diminution of that reſiſtance in an e L 
wecirer. | 2 


\Expri'rurnt CXCV. 
Before the air was exhauſted from the re- 
ceiver, if the wire at the top of it was electri- 
fied, a diverging bruſh proceeded from it, about 
an inch long. On exhauſting the receiver the 
following changes took place: firſt, the rays” 
of the bruſh became longer; ſecondly, the 
rays diverged leſs, were fewer in number, and 
the ſize of the remaining rays was increaſed 7 
thirdly, they all united at laſt, and formed a 
continued column of light, from the wire to 
the plate of the air pump. 
From this experimeat it is clear, that the air. 
is the agent by which, with the affiſtance of 
other 
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other electrics, we are able to communicate 
electricity on electrics, as well as non- electrics; 
for when this is removed, the fluid pervades 
the vacuum, and flies off to a 2 
diſtance. 


ExPpzRAIN ENT CXCVI; 


To diſtinguiſh with great aceuracy the chan- 
ges in the form and length of the electrie 
ſpark when it is paſſing through a receiver, the : 

air of which is more or leſs rarefied ; fix a ball ig 
to the rod, let another proceed from the plate ii 
of the air pump; the balls are to be placed 
about one inch from each other. When the 
vacuum is good, a ſingle uniform ray, of a 
purple colour, paſſes from one ball to the other; 
but in proportion as the air is admitted, the 
ray, acquires a quivering motion, which indi- 
cates that a reſiſtance to its motion then begins, 
and this interruption is followed by a diviſion of 
the ray or ſtream; the ray now acquires a more 
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vivid light ; and, laſtly, it becomes the common | 
ſpark, which is emitted with greater or leſs” 1 
facility, in proportion to the power of n a k 
A and the reſiſtance of the air. 3 
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.Proſertathinexthauſteafiiſk /imilar to that cas 
preſented at E, fig: 49, but without any coating” 
vn the outfide, to the conductor, and the bottle 
will be luminous from end to end, and when 
taken from the conductor, will continue lumi- 
nous, moving in varidus curvilinear ditections 
for a conſiderable time; flaſhing at intervals in 

a manner which very much reſembles the Aurora 


Borealis. The light may be revived by paſſing 
the flaſk through the hand: The ſtroke of the 


fluid againſt the glaſs is very ſetifi bly heard and 
felt in this experiment 


The flexvous motions of the electrie ay 
in an exhauſted receiver may, in fome degree, 


be produced at pleafure: By wetting the out- 


fide of the receiver, the fire will follow the di- 
tection of the wetted line; as the reſiſtance is 


now leſſened on one fide ; and the fire can ad- 


here and accumulate itſelf on the inſide of the 
receiver, becauſe, by means of the dampneſs, 
_ it can expel a portion from the outſide. 
This experiment may be exhibited very pleaf- 


ingly, by making a toricellian vacuum in a” 
glaſs tube about three feet long, and then ſealed - 
hermetically. Hold one end of this tube in 


85 mand, and apply the other to the conductor, 
and 


* 
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and immediately the whole tube will be itlumi: 


a conſiderable time after it is removed from the 


conductor, flaſhing at intervals for many 
dart Reil 5 eum 


” Erez cxcvm. 5 
Another beautiful appearance may be pro- 


dcs in the dark, by inſerting a ſmall Leyden 
phial into the neck of a tall receiver, ſo that 


the outward coating may be expoſed to the 


vacuum. Exhauſt the receiver, and then charge 


the phial, and at every ſpark which paſſes from 


the conductor to the inſide, a flaſh of light is 
ſeen to dart from every part of the external 


ſurface of the jar, fo as to fill the receiver. | 
Upon making the diſcharge, the light is ſeen 


oy! return in a cloſe body: 


7 
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, Exverniment COXCIX. 


A very perfect vacuum for the paſſage of the 


electric fluid may be made by a double barome- 


ter, or long bent tube of glaſs filled with mer- 
cury and inverted, each leg ſtanding in a baſon 

of mercury; the bent part of the tube above 
the, mercury forms a compleat vacuum. If = 


; : bottle 


nated from end to end, and will continue ſo for 
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bottle is Aſcharged through this ſpace, ay” 
light appears uniform through the whole ſpace; 
but is moſt vivid when the diſcharges are ſtrongs 
Dr. Watſon inſulated this apparatus, and then 
made one of the baſons of mercury communis 
cate with the conductor, and touched the other 
with a non-eleric ; the electric fluid pervaded 
the vacuum in acontinued flame, without any di- 
vergence: when one of the baſons was connected 
with the inſulated cuſhion, the fire appeared to 

pervade the vacuum in a different direction. 


ExrEIIHEATr CC. 1 

105 83, repreſents a glafs tube, fuch as is 
generally uſed for barometers ; on the end 3 a 
ſteel cap is cemented, from which a wire and 
Ball cd proceed init# the tube. Fill this tube 
with quickſilver, and then, by ſending up a 
large bubble of air, and repeatedly inverting the 
tube, free the quickſilver and iron ball from 
air, according to the ordinary mode of filling 
barometers; then place a ſmall drop of æther 
an the quickſilver, and put the finger on the 
end of the glaſs tube, invert the tube, and then 
inſert the end F in a baſon of quickſilver, taking 
care not to remove the finger from the end of 
the tube, till the end | is immerged half an meh 
under 
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bndet 1 = filver.. When the finger i is removed, 

the quickfilve? Will deſcend, ! and the * 689 
wil expand itſelf, leflen the vacuum, and de- 
preſs the mercury. in the tube; now preſent 
the metallic top of the tube to 4 large charged 
oonductor, and a beautiful green ſpark will paſs 
from the ball to the OS) By Wi 


$1 IS) 


is obtained. Tan, - indebted for this valuable 
experiment to Mr. Morgan , of the e 
Affurance Office. 

See alſo Ex. 110, 111, 129,.4 120, of this 
Eſſay, for further -obſervations on the appears 
ande of the electric light in vacu. 
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o Medical plaid. 


\H E Abbe Nollet ſays, that he Waibel 
more pleaſure when he diſcovered that the 
motion of fluids in capillary tubes, and the 
inſenſible tranſpiration of animated bodies were 
augmented by electricity, than by any other 
diſcovery he had made; becauſe they ſeemed to 
ptomiſe ſuch abundant advantages to mankind, 
when properly applied by a fk ilful hand. But 
how much would this pleaſure have been aug- 
mented, if he had lived to ſee his hopes rea- 
lized, and this branch of electricity obtain the 
ſame medical certainty as the bark in inter- a 
mittents oF 
It is true, that like every other nope me- 
dicine which has proved beneficial to mankind, 
Electricity met with much oppoſition from the 
intereſted views of ſome, and the ignorance 
of, others; has been treated with contempt, and 
injured by miſplaced caution. I ſhall recom- 
mend to thoſe who thus oppoſe it, not to 
condemn a ſubject of which they are ignorant, 
but to hear the cauſe before they paſs ſentence; / 
to take ſome pains to underſtand the nature of 
ö electricity” p 
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electricity; to learn to make the electrical ma- 
chine act well, and then apply it for a few 
weeks to ſome of thoſe diſorders in which it has 
been adrniniſtered with the greateſt ſucceſs ; 
and there is no doubt but they would ſoon be 
convinced that it deſerves a - diſtinguiſhed rank 
in medicine, which is the * a, phi. 
loſophy. | 

The ſeience of medicine and its METS 
have been reproached with the inſtability and 
fluctuations of practice; at one time cold as the 
ice at Zembla, at another hot as the Torrid 

Zone ; that they are led by faſhion, and influ- 
enced by prejudice. On this ground it has 

been predicted, that however great the benefits 
which may be derived from electricity, it = 
would fill only laſt for the day of faſhion; and q 
then be configned to oblivion. I muſt confeſs; f 
that I cannot be of this opinion, nor eaſily led 
to think a ſet of men whoſe judgment has been 
matured by learning and experience, will ever 
neglect an agent, which probably forms the moſt 
important part of our conſtitution. Electricity 
is an active principle, which is neither generated 
nor deſtroyed; ; Which is every where, and al- 
ways preſent, though latent and unvbſerved ; 
and is in motion by night and day, to maintain 
an equilibrium that is continually varying. To 
give one inſtance, among many, it has been 

S 2 ſhewn, 
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ſhewn, that the rain which deſcends in a ſtorm 
is ſtrongly impregnated. with electricity, and 
thus brings down what the heated vapours car- 
ried up into the air, till the deficiency of the 
earth is ſupplied from the, ſuperfluity of the 
heavens. A variety of other cauſes concur. to 


vary continually the equilibrium of this fluid 3 


as the perpetual inteſtine and oſcillatory motion, 
which contributes ſo much towards carry ing on 
the operations of nature. Further, if a parti- 
cular portion of this fluid is diſtributed to every 


ſubſtance, then every alteration of its capacity, 


which is continually changing by. heat or cold, 
muſt moye and operate on it. | 

| As heat, or fire in action is the frſt mover 
IN the animal maching, and the chief active 
principle during its exiſtence, and as electricity 
exhibits ſo many phenomena, which cannot 
be diſtinguiſhed from thoſe of fire, we are na- 
turally led to conceive high ideas of the im- 
portance of this fluid to medicine. Though 
the vital ſtate of it is not to be eſtimated 
by the degree of heat, abſtractedly conſider- 


* 


ed, becauſe the degree of heat only aſcer- 


tains the quantity which is acting in a peculiar 
manner. 


It is known, that this Vipikying principle 


haſtens the vegetation of plants. Myrtle- trees, : 
which were electrified, budded fooner than 


others 


4 
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others of the fame kind and fize, and in the 
fame 'green-houſe. Seeds, daily electrified, 

have ſhot up, and grown more in three or four 
days, than others of the ſame kind, and' alike 
in all other circumſtances, have done in eleven 
or' twelve days, In the fame manner Mr. 
Achard has ſhewn, that it may be uſed as a 
ſupplement for heat, to hatch the chicken from 
the egg. The ſuppoſition of an ingenious 
writer is by no means improbable, that the ves 
getating power which 1s operating during the 
whole year in ever-greens, may ariſe from theſe 
trees having more reſin in their compoſition 


than thoſe whoſe leaves fall in autumn, by 


which they are enabled to attract and retain 
thoſe juices which give them their continual 
verdure, and ſupply, in ſome degree, the ab- 
ſence of ſolar heat. This may be inferred 


from their natural properties, and is confirmed 


by the ſtrong electric power poſſeſſed by their 


| leaves. The ſame writer thinks, that the ftuid 
collected in our electrical experiments is only 
thoſe ſolar rays that have been diſperſed in, and 
are arreſted by the earth; an idea which is 
ſtrongly corroborated by the obſervations made 
on atmoſpherical electricity, and by the de- 
ductions which have been made from the tels. ; 


3 His 


tive affinities of fire, light, and heat,” 
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The agency of this fluid, and its exiſts 
in animated nature, has been fully proved by 
the experiments that have been made on the 
Torpedo and the gymnotus electricus; for the 
ſimilitude eſtabliſhed between the electrical fluid 
of the Torpedo and that of nature at large, is 
ſuch, that, in a phyſical ſenſe, they may be 
conſidered as preciſely the ſame. Mr. > as 
bas well obſerved, ſays Sir J. Pringle, and I 
think he is the firſt who has made the obſerva- 
tion, that the magnitude and number of the 
nerves beſtowed on thoſe electric organs, in pro · 
Portion to their ſize, muſt appear as extraordi- 
nary as: their effects; and that, if we except 
the important organs of our ſenſes, there is no 
Part, even of the moſt perfect animal, which, for 
its ſize, is more liberally ſupplied with neryes than 
the Torpedo; nor yet do theſe nerves of the elec · 
tric organs ſeem neceſſary for any ſenſation that 
Can belong to them: and with reſpect to action, 
Mr. Hunter obſerves, that there is no part of 
any animal, however ſtrong and conſtant its 
action may be, which enjoys ſo large a portion 
of them. If then it be probable, that theſe 
nerves are unneceſſary for the purpoſe either of 
ſenſation or action, may we not conclude, that 
| they are ſubſervient to the formation, collection, : 
and. management of the electric fluid 2; eſhe- 
cially, as it appears from Mr. Weiß s experi- 
ments, 
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mentz, that the will of the äninial commands 


the electrie powers of its organs. If theſe re. 


flectiofs are juſt, we may with ſome probabie 

lity foreteli, that no diſcovery of conſequierice 
will ever be made by future phyfiologilts' con- 
cernitis the "nature of the nervous fluid, with? 
but abknowſedgitigg rhe lights they Hate bor? 
rowed from the expefiments of Mr. Walth 
= the living Torpedo, and the Ait of 

dead animal by Mr, ters 

A Variety of cufidüts facts aaxy4 evince, 
chat the clectrie ffre is eſſentially cotingcted 
with the küman flume, and is continually E- 
erting 1 its inffuence upon . Ir. Brydone men- 
tions a hay, who, on com Bing, her hair in 
frofty weather in the dark, had ſometimes ob- 
ferved ſparks of fire td iffue from it; this made 


him think of attempting to calle the electrical 


fire from hair alone, without the affiſtance or 
any other electrical apparatus. To this end, he 
defired a young lady to ſtand on wax, 22 
comb het ſiſter's hair, who was fitting in à baff 
before ker; ſoon after he had begun to comb. 
the young lady bn the wax was ſurprized to 
find her whole body electrified, and darting « our 
ſparks of fire againſt every ject that ap- 
proached her, The hair was ſtrongly electrical, 3 


and affected an electrometer at a confiderable n 


diſtance, He charged a metallic conductor from 
84 it, 
* Sir John Pringle's Diſcourſes, p. 84. 
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it, and in the ſpace of a few minutes collected 
ar ſufficient quantity of fire, to kindle common 
ſpirits, and by means of a ſmall j Jar, aye many 
imart ſtrokes to all the company, 4 7 
Mr. Cavallo obtained, by means of a ſmall 
condenſing plate, very ſenſible figns of electri- 
city from various parts of his own body, and 
the head of almoſt any other perſon. 
When the diſoveries in this ſcience, ſays Mr, 
er are further advanced, we may find, 
that what we call ſenfibility of nerves, and ma- 
ny other diſeaſes, which are known only by 
name, are owing to the bodies being poſſeſſed 
of too large or too ſmall a quantity of this ſubtle 
fluid, which is perhaps the vehicle of all our 
feelings. It is known, that in damp and hazy 
weather, when this fire is blunted and abſorbed 
by the humidity, its activity is leſſened; and 
what is collected is ſoon diſſipated; then our 
ſpirits are more languid, and our ſenſibility 1 is 
leſs acute, And in the fierce wind at Naples, 
\ when the air ſeems totally deprived of it, the 
whole ſyſtem is unſtrung, and the nerves ſeem 
to loſe both their tenſion and elaſticity, till the 
north-weſt wind awakens the activity of the ani- 
mating power, which ſoon reſtores the tone, 
and enlivens all nature, which ſeemed to droop q 
and languiſh. i in its abſence: nor can this ap- 
Pear a if it is from the different ſtate 
0 of 
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of this fire in the human body; that the ſtrictum 
and laxum proceeds, and not from Any alter 
ation in the fibres themſelves, or their being 
more or leſs braced up, (among which bracers 
cold has been reckoned one) though the muſ- 
cular parts of an animal are more braced when 
they are hot, and relaxed when they are cold. 
Mr. Jalabert and Profeſſor Sauſſure, when 
paſſing the Alps, were caught amongſt thun- 
der- clouds, and found their bodies full of 
electrical fire; ſpontaneous flaſhes darting from 
their fingers, with +a crackling noiſe, and the 
ſenſations they felt were the ſame as when 
ſtrongly electrified by art. It ſeems pretty evi- 
dent, that thoſe feelings were owing to their bo- 
dies containing too great a ſhare of electrical 
fire; and it; is not improbable, that many of 
our invalids NYE wed Porn the een 
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Paß the 8 of 2 N Jar, or r battery, 
from the head to the back of a mouſe; this, 
if the ſhock is ſufficiently, ſtrong, will kill the, 


apimel. After its death, make the diſcharge, 


in the ſame manner, and the fluid will pals vi-, 
fibly over the body, and not thrapgh, ; it ; ev in 
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eing, that the power or medium which tranſi 
mitted the ſhotk through, the animal, is loſt 
with its life. This experiment is taken from 
Mr. Cavallo's treatiſe on medical electricity. 
Its importance is ſelf- evident, and it certainly 
merits a further inveſtigation, by thoſe who are 
acquainted with _ anal — a8 * 
as electricity. 

Abe neee eee e ria is 
elefttic fluid paſſes through that ſeries of muſ- 
cles which form the ſhorteſt paſſage for it, and 
whoſe conducting Powers or ' eee W 
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| Wand; and touch; "with 4 braſs rod hel in kd 
left hand, the naked right foot of B; let the 
left foot of B communicate by a brafs rad with 


the right foot of C; let D with his right hand 


hold the left ear of C, and touch the knob of the 
bottle with his left hand: A will feel the ſhock 
in the muſcles of the right hand and arm, of 
the thorax, and of the left hand and arm; B. 
will feel the commotion in the muſcles of his 
right foot, right leg and thigh, and thoſe 


which are connected with the left thigh, leg, 
_ Toot,/ while C wilf perceive 1 it in that ſerics* 
which 
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which goes from the leg to the ear by which 
he communicates with D. The action of the 
fluid on the human body in the ſhock, is the 
ſame when it paſſes through fimilar parts with 
the ſame denſity. Its action is more extenfive 
when the fire is denſeſt, and therefore moſt in- 
tenſe when it meets with any reſiſtance. 
Aſliſted by a ſurgeon, Beccaria made e 
experiments upon the effects produced by elec- 
tricity on the muſcles in the left leg of a cock. 
The muſcles were ſtrongly contracted when a 
ſhock was paſſed through them, and the con- 
traction was always accompanied by a ſudden 
and proportional ſwelling of the muſcles, ex- 
cepting at the part where the membrane is in- 
ſerted, which ſeparates one muſcle from ano- 
ther, which was always depreſſed. The mem- 


brane which inveſted that part of the muſcle; - 


through which the fluid. paſſed, . became dry 
and wrinkled, and a. vapour. aroſe. from that 
N when one muſcle was contracted, a ge- 
contraction took place in thoſe that were 
contiguous to it, and they were a little con- 
vulſed after the ock. as; 
In another inſtance, where the 3 was 
relaxed and parted from the thigh, on paſſing 
the ſhock through it the muſcle. contracted. it- 


ſelf, and was drawn back into its natural place, 
and could not be again diſplaced but by force; 
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à circumſtance which frongly x inbliifeits the 
power of electricity to give tone to a flaccid 
fibre. Indeed, when we conſider, ſays a very 
ſenfible writer, that the muſeles have been 
brought into action by the electric fire, that it 
bas rendered palfied limbs plump, and reſtored 
2 power of action and motion to many, whoſe 
palſies did not ariſe from the ſpinal marrow. 
Is it not a convincing proof, that the vital fire 
is the cauſe of muſcular motion, and that this 
is the ſame with that which is colleQed el the 
electrical machine? 

As the ference of medicine knows of no 


ppeciſic, ſo we are not to ſuppoſe, that electri- 


- * 


eity will triumph over every diſorder to which 
fr is applied. Its ſueceſs will be more or leſs 


extenſive, according to the diſpoſition of the 
fubje&, and the talents of thoſe who direct it; 
it cannot therefore appear furprifing, that many 
diſorders have been refractory to its powers, 

and others have only yielded in a ſmall degree; 
or, that the progreſs of the cure has often been 
ſtopped by the impatience, or prejudice, of the 
diſeaſed: but, at the ſame time, ĩt muſt be ac- 
knowledged, that even in its infancy, when 


* * had to combat againſt fear, prejudice, and 


intereſt its ſucceſs was truly great: we have 
Ae then the higheſt reaſon to expect a con- 
ſiderable increaſe of ſuegeſs, now that it is c-. 
i | : BYE | tivated 
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Exenzrueye, com. IRE, 


This experiment ae aha this cleric 
powers may be put in action by heat and cold. 
It was originally made by Mr: Canton. He 
procured ſome thin glaſs balls, of about an 
inch and a half diameter, with ftenis or tubes, 


of eight or nine inches in length, and electri- 
fied them, ſome poſitively on the inſide, 
others negatively, and then ſealed them herme- 


tically ; ſoon after he applied the naked balls to 
his electrometer, and could not obſerve the 
leaſt ſign of their being electrieal; but holding 
them at the fire, at the diſtance of five or fix 
inches; they became ſtrongly electrical in 


2 ſhort time, and more ſo when they were cool- 
ing. Theſe balls would, every time they were 


heated, give the electric power to, or take it 
from, other bodies, according to the plus or 


minus ſtate of it within them. Heating them 


frequently diminiſhed. their power, but keeping 


one of them under water a week did not in the 


leaſt impair it. The balls retained their virtue 
above fix years. The tourmalin, and man? 
other precious ſtones, are alſo known to acquite 
electricity by heat. The tourmalin has always, 


ak 


* 
» —_ K — — 


N 


999 
* n 


_— -——— 
* 3 
"4 8 2 — 
4 _ 
* 
1 


br — 


T2. oak. ant. * 
* * EY EE — = 
4 © ©. 
—— > *. al 2 


„ 
n 


%%ĩ AN ESSAT 


at the fame time, a poſitive and negative elec · 
tricity ; one fide of it being in one ſtate, the 
other in the oppoſite» Theſe powers may be 
excited by friction and by heat; nay, even by 
plunging it in * water. 


ExezxiMenNT CCIV. 


| Inſulate a ſenſible mercurial thermometer, 
and place the bulb between two balls of wood, 
one affixed to the conductor, the other com- 
municating with the ground, and the electrie 
fluid, in paſſing between the two balls, will raiſe 
the mercury in the thermometer conſiderably. 
With a cylinder, of about ſeven inches and a 
half in diameter, the fluid paſſing from a ball 
of lignum vitæ to a ball of beech, and thence 
to the ground, elevated the quickſilver in the 
thermometer from 68 to 110, repeatedly to 
105. The thermometer was raiſed from 689 
to 859, by the fluid pading from a point of box 
to a point of lignum vitz ; from 642 to 100, 
| from a point of box to a ball of box; from 
662. to 1009, from a ball of box to a braſs 
point; from 690 to 1000, from ball to ball; 
the bulb of the theymometer . covered wich 42 
. AN 5 
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ceſs ful, is given by ſome writers, but I refrain 
from following their example, becauſe I under- 
ſtand. there is a rational ſyſtem formed on che 
experiments of the laſt four years; to compre- 
hend which, a knowledge of diſeaſes, their 
cauſes and ſymptoms, is requiſite. - 
In this ſyſtem, it is ranked as an mee 
dic, is conſidered as the moſt powerful external 
application to diſeaſes, and, from the various 
manners in which it is uſed, ſerves the purpoſes 
of a ſedative, a ſtimulant, and a deobſtruent. 
In medicine, it becomes then applicable to 
palſies, rheumatiſms, intermittents; to ſpaſm, 
obſtruction, and inflammation. In ſurgery it 
has conſiderable ſcope for action; where con- 
tractions and ſprains, tumors, particularly of 
the glandular ſort, waſting of the muſcles, 
and other incidents, form a catalogue of viſible” 
diſeaſes, as diſtreſſing to the ſight of others as 
to the patients themſelves. The gout, and the 
ſcrophula, or king's evil, two diſeaſes which 
have tormented mankind, and been the difgrace 
_ of; medicine to the preſent time, are ranked 
among thoſe to which this remedy is applica- 
ble and in the commencement of the com- 
plaints, I am informed, has been wonderfully” 
ſucceſsful. To remove ill- placed fits of the 
Saut, it ſhould ſeem, to be a more rational ap- 
| plication 


— — 


* 
5 
: — — — — 2 — — — —— —— , 
— — 8 —— - i - 4 8 —— 
22 ———— — — —ö ' — — _ — 8 2 : ns . . * 
- N A : — * __— — : x A "4 <a. *** no 8 RE þ 2 225 2 — 
— — IDE IS i nar mr OV) EINE; - a 2 og Wen 3 = 

me — r 2 8 1 8 . b - bo 0 I EE a, an SEE 8 ——— ops 5 ? 8 — - "I g - AZ - _ 

: An 7 N = No” oF; TOE ay th ae * * T IX — —— — Cs ? TER Ge WW: l . "m4 12 _ « 7 . * 2 . . b \ 

2 d _ gta nant es et as. a 1 — SS A. -— 2 q 97 7 ? ___— 4294 — — p . 2 P — 2 2 F 4 
* , - 4 ” 5 * - - _ 4 1 5 * 1 2 . 
« - * An. cron = 
4 n 1 
PAIR TY (4 ' : e 
2 8 s "a 1 4 „ee eee 5 „„ = 
\ ; . _— — re 3 A 5 


— 4 


„—— N — — 
— — n Ack: 
8 1 g » ” hind n 3 
OL TS T3. ks 2 Oh. 1 » GET. ET 22 on * 
4 — 2G Þ4. an 3 Eb Ot 2 Bs 2 1. | 
zl 8 8 © 


— 


——̃——— — 


Pye — — 


—— — 


ss 12 


plication than any medicine; for it appkes di- 
rectly to the ſeat of the diſeaſe with a power 
and rapidity unknewn ini phyſic, and perfectiy 
manageable at diſcretibn ; and, as it is a reme- 
dy which applies to the underſtanding as welk 
as to the feelings, I ſhould think it better worth 
the attention and contemplation of men of li- 
beral education, than the compounding a medi- 
eine; in which they place little faith, or 
applying a ann in which _— have none 
at all} Ft 
The ſucceſs of electric ity, in relieving the 
ſufferings of mankind, has been conſiderably 
promoted, and its operations rendered more 
rapid, ſenſible, and efficacious, by applying it 
in different manners and quantities to the hu- 
man frame. The modes formerly uſed were 
the ſhoek, the fpark, and ſometimes, though 
very ſeldom, ſimple electrification. Theſe 
modes are now varied, and their number aug- 
mented. The ſtream of the electric fluid may, 
without a ſhock, be made to paſs through any 
part of the body; it may alſo be thrown upon, 
or extracted from any part, and its action in 
each caſe varied, by cauſing the fluid to paſs 
through materials which refiſt its paſſage in dif- 
ferent degrees; it may be applied to the naked 
integuments, or to the ſkin covered with dif- 
ferent reſiſting ſubſtances ; and its power may 
85 | be 
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be rarefied-or condenſed; etinfined to one ſpot, 

or applied in a more diffuſtve ebene ; 

diſcretion: of the operator. N 
The apparatus neceſſary fur this W is 
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ſimple, and conſiſts of the following articles: BH 
1. An electrical machine, with an inſulated | 1 
cuſhion, properly conſtructed to afford à con- = 
tinued and Gong ſtream of the clerical 2B 
fluid: 


2. A ſtool with-infalating 4 dr why. abs an 
arm chair fixed on a large inſulating ſtool. 3 
The inſide part of the back of the chair ſhould 2z 
move on a hinge, that it may occaſionally let | 
down to electrify conveniently the back of the 
patient: the arms of the chair ſnauld alſo be 
made longer than is ufual; n 

3. A Leyden bottle with an electrometer-. 

4. A Foe of | large directors and woaten 


1 0 1 4 bo ww 3 ä 2 


Points. [1>t3 | 
5. A few glaſs tubes of different bureag I 

of them with capillary points. 
To theſe may be added; an univerſal oY | 

charger On a large ſcale; a pair of ſmall direo- | | 


tors with fibrer n and a pair of e 
forceps. 

Fig. 93 fepreſerits the ade, thy banale 
are of glaſs. A is a braſs wire with a ball on 
its end. The wire of one is bent, for the more 
eonveniently throwing, the electric fluid on the 

T eyes 
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eye, &c. The balls may be unſcrewed from 

the wires, and the wooden point B ſcrewed in 
its place, or the pointed enqꝗ of the braſs wire 

may be uſed. The direQors: ſhould always be 

held by that extremity of the glaſs handle 

which is fartheſt from the braſs, and care 

ſhould be taken that the heat of the hand au. 
not make them moiſt. 

Fig. 85 is the medical bottle, furniſhed 
with an electrometer, to limit the force of the 
Mock, and enable the operator to give a ſuc- 
ceffive number of them of the ſame force. C 
is a bent piece of glaſs, on the upper part of 
which is cemented a braſs ſocket D, furniſhed 
with a ſpring tube E; the wire F moves in | 
this tube, ſo that the ball G may be ſet at 2 
convenient diſtance from the ball H. The 
end T of the bent piece of glaſs is alſo; furniſhed 
with a ſpring tube, which ſlides upon the wire 
K. communicating! wich the inſide of, the 
bottle. a line di nit do 

Io uſe this bottle, oe they ball Hi in contact 
with the conductor, or connect them together 
by a wire, and then charge it in the uſual man- 
ner. Now, if a wire proceeds from the ball 
L to the outfide coating, the bottle will be diſ- 
charged whenever the fluid has acquired ſuffici- 
ent force to paſs through the ſpace of air be- 
tween the two balls; conſequently the ſhock 
* „„ 15 
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is ſtronger in proportion as the diſtance Ix : 


the two balls is increaſed. 
It is obvious; that when the dener i is 


thus connected, it acts in the ſame manner as a 
common diſcharging rod; and forms the com- 


munication from the dutſide to the; inſide of 


the bottle; with this difference only; that the 


diſtance of the end which is to communicate 
with the inſide may be limited and regulated. 
The ſhock may be given to any part of the hu- 
man body by introducing that part of the body 
intothe circuit which is made between the outfide 
and inſide of the bottle: This is conveniently 
effected, by connecting one director by a piece 
of wire with the electrometer, and the other to 
the outſide of the bottle; then hold the direcs 
tors by their glaſs handles, and apply the balls 
of them to the extremity of the parts We 
which the ſhocks are to be paſſed: | 

The force of the ſhock, as we have already 
obſerved, is augmented or diminiſhed by in- 
creaſing, or leſſening the diſtance between the 
two balls, which muſt be regulated by the ope- 
rator to the em d ſenſibility of the "Be 
tient. 

The handles of the directors Gould b be care - 
fully dried, as alſo the bent piece of glaſs C, 


and thoſe parts of the bottle which are above 


the coating. It is likewiſe neceſſary to preſs 
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the ends of the directors againſt the part; 49 
convey the ſhock more readily. 

Some gentlemen have thought the dotrie 
forceps a very convenient inſtrument to conduct 
the ſhock through any particular part of the 
body. Their uſe is evident from an inſpection 
of fig. 86. 

The following mode of extraQting the con- 
denſed fluid from the inſide of a charged Ley- 
den jar has been found, in certain circumſtances, 
peculiarly adyantageous. Connect a director, 
by means of a wire, with the ball of a Leyden 
jar, charge the jar, either compleatly or parti- 
ally, and then apply the ball or point of the 
conductor to the part intended to be electrified, 
and the fluid, which was condenſed in the phial, 
will be thrown on the part in a denſe flow 
ſtream, attended with a pungent ſenſation, 
which produces à conſiderable degree of 
warmth. If a wire, that communicates with 
the ground, is placed oppoſite to the end of 
the director, the paſſage of the fluid will be 
rendered more rapid, and the ſenſation ſtronger. 
It is obvious, that in this caſe the circuit be- 
tween the inſide and the outſide of the jar is 
not compleated, therefore the ſhock will not be 
felt. The condenſed fluid paſſes in a denſe 
Now ſtream through the required part, while 
the outfide acquires a ſufficient quantity, from 

il - the 
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the conducting ſubſtances near it, to reſtore | 
the equilibrium. | 
To paſs a ftream of the electric fluid cog 

any part of the human body, connect one di- 
rector by a wire with the poſitive conductor, 
and another director with the negative conduc- 
tor, or inſulated cuſhion, then place the end of 
the directors at the extremities of the part, and 
turn the cylinder, the fluid will paſs through 
the part from one director to the other. | 

To throw the fluid on any part of the body, 


connect the director with the poſitive; conduc- 


tor, turn the cylinder, and then preſent the 
braſs end of the director towards the patient, 
and the fluid will pats between the ball and the 
patient. Or. you may inſulate the patient, and 
then draw the communicated electricity from 


him by the directors. In this caſe, a wire ſhould 


paſs from the braſs part of the director to the 
ground, or to the hand of the operator. In 
either of theſe caſes, the quantity of the fluid 
and its mode of action may be varied, by 
making the fluid paſs through points or balls 
of metal or of wood, or by covering the 
fKkin with flannel; whenever the fleſh-bruſh 
is adviſed, it is highly probable that covering 
the affected part with flannel, and then rubbing 
it with the ball of a director, connected with 
the machine, would have a ſuperior effect. 

| T 3 The 
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The reſiſtance to the fluid's motion may by vas 
ried by increaſing the thickneſs of the cover: 
ing, or the nature of the e ge 
which it is to pafss. 

Some peculiar effects have taken . "To 
the application of the interrupted ſpark ; chat is, 
a ſpark received from 'a ſecond conductor, 
placed within the ſtriking diſtance of the prime 
conductor: It is not improbable, that in this 
caſe the. condenſation ' and expanſion of the 
ſpark may be more rapid than when it is re- 
ceived from the prime conductor alone, The 
director, when the interrupted ſpark is required, 
ſhould be connected with the ſecond- ary ns 
and: then uſed as in other caſes, | 

Fig. 87 repreſents an univerſal diſcharges | 
upon a large ſcale, with a patient fitting be+ 
tween the two pillars, one ball reſting at A, the 
other being placed at B. The convenienceof this 
apparatus is obvious, from an inſpection of the 
figure ; for as the joints have both an horizon - 
tal and vertical motion, and the wires paſs 
through two ſpring ſockets, they may therefore 
be placed in any direction, and the balls fixed 
in any required ſituation. Hence, by connect» 
ing one wire with a pofitive conductor, and the 
other with a negative one, or one with the bots 
tom of a Leyden bottle, and the other with 
the electrometer; the ock or ſtream may be 
_ | con- 
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conveyed. to any part, wich the greateſt facility, 
It is alſo evident, that a perſon may, by means 
of the; two joints of this ſimple apparatus, 
electrify himſelf with eaſe, (or any patient, con- 
veniently) without the aſſiſtance of any other 
per ſon ; that is, he may turn the machine with 
one hand, While he is receiving the fluid, or 
the ſbock, by means of this univerſal, diſ- 
charger. But this may alſo he teadily effected, 
by faſtening a wire to one of: the conductors, 
and pinning the other end of it to one extremity 
of the part through whieh you intend to paſs 
the ſhock, or convey: the fluid ; then connect a 
director with the other conductor, and hold it 
to the other extremity of the part. If the ſitu- 
ation is ſuch as to occaHon the wires to touch 
the table, paſs a ſmall glaſs tube over them, 
which: will prevent a diſſipation of the fire. 
L and. M, fig. 84, repreſent glaſs tubes, 
through which ſmall wires are made: to wa 
to convey the uid e, to ** ear 
throat. 
Fig. 88 ae de Rn glaſs ig of A 
Urger ſize, the end of which is gapillary;.; a 
ſmall quantity of roſe - water, or any other fluid, 
is to be poured into this tube, then con- 
nect it with the prime conductor by a wire z 
rutn the cylinder, and a eee genele, 
ibi gpl HD D ach ag. aut 
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and refreſhing ſtream of this gold e a 
thrown on the: patient. tun. 

It is in all caſes moſt adviſcable to bein with 
15 more gentle operations, and proceed gra- 
dually to increaſe the force, as the ſtrength and 
conſtitution of the patient, or the nature of 
the diſorder requires. The ſtream from a'wood- 
en point, a wooden ball, or braſs point, may 
be firſt uſed ; ſparks, if n oy: nee 
taken, or ſmall ſhocks given. 

In rheumatic caſes,” the dectie fiigtion * 
aenerally: uſed. If the pains are local, ſmall 
ſhocks may be given. To relieve the tooth- ach, 
very ſmall ſhocks may be paſſed through the 
tooth; or, cover the part affected with flannel, 
and rub it with a det ann with 
the machine. q i 

In inflammations, 260 other diſorders of 42 
eyes, the fluid ſhould be thrown from a wood- 
en point: the ſenſation here produced, is that 
of a gentle cooling wind; but, at the fame 
time, it generates a genie! warmth i in hs _ 
afefted, 8 ? 

In palſies, the decttie friction md ſmall 
ſhocks are adminiſtered. Streams of the fluid 
ſhould always be made to paſs enth. _ 
affected par. | 
The only Treatiſe we . yet had from the 
F aculty, on the ſubje& of Medical Electricity, 
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q a pamphlet intitled, © Confiderations on the 
Efficacy of Electrieity in removing Female Ob- 
ſtructions, by Mr, Birch; to whom I am in- 
debted for a variety « of important obſervatians 
aud practical remarks on the different branches 
of electricity; and if its merits were to be con- 
fined to this diſeaſe alone, (in which it may be 
reckoned a ſpecific) it would be entitled to the 
attention of practitioners ; but we have reaſon to 
expect much more from it, ſince the prejudices 
pf the Faculty ſeem removed, and the practice 
is becoming more general every dar. 


7 ed N 8 a A* 


, a > *, #7 + * 1 1 * #7 4 „ nahe: 
4+ © N 12 0 115 4 ii 


gs 0 H A r. xl. _ 


Y Toy TITEL. 
— 91 ere 
* 


5 * Eapein ments od c e ont, 


HE ibu ae 3 de a 
utility of pointed or knobbed conductors, 
for ſecuring buildings from lightening, occaſi- 
oned the ſetting up a more magnificent appara- 
tus than had ever appeared before. An immenſe 
conductor was conſtructed, at the expence of 
the Board of Ordnance, and ſuſpended in the 
Pantheon, under the direction of Mr. Wilſon, 
It conſiſted of a great number of drums, cover- 
ed with tin-foil, which formed a cylinder of 
about 155 feet in length, and more than 16 
inches in diameter; and to. this vaſt conductor 
was occaſionally added 4800 yards of wire. 
The electric blaſt from this machine fired gun- 
powder in the moſt unfavourable circumſtan- 
ces, namely, when it was drawn off by a ſharp. 
point. The method of doing it was, as fol- 
lows: upon a ſtaff of baked wood a ſtem, of 
braſs was fixed, which terminated in an iron 
point at the top; this point was put into the. 
end of a ſmall tube of India-paper, made ſome- 
what in the form of a cartridge, about an inch 
and a quarter long, and two tenths of an inch 
| 5 | „ 
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in diameter, when the cartridge was filled 
with common; gunpowder. unbruiſed; a wire, 
communicating with the earth, was then faſ - 
tened to the hottom of the braſs ſtem. The 
charge of the great cylinder being continually 
kept up by the motion of the wheel, the top 
of the cartridge was brought very near the 
drums, ſo that it frequently touched the tin- 
foil with which they were covered, In this ſitu· 
ation, a ſmall, faint, luminous ſtream was 
frequently obſerved between the top of the car» 
tridge and the. metal. Sometimes this ſtream 
would et fire to the gunpowder the moment it 
was applied, at others, it would require half a 
minute or "note before it took effect. This dif- 
ference in time- was ſuppoſed to be owing to 
ſome ſmall degree of moiſture i in the powder, 
or the paper. 

Gun- powder may alſo be fired by a ſtream 
905 a large charged Ley den Jar, in the fol- 
lowing manner: 3 


ExXPERIMENT' CCV. | 4407 


Fix a {mall cartridge on a metallic point, 
which * is fitted to a wooden or glaſs handle,; 


make a commynication from the wire to the 


ground, then preſent the cartridge to the knob 
22 7 „ 
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WEN r 
of the Phial, and the gun- powder will be fired 
by the paſſage of the electric ſtream through 
the cartridge. Tinder, or touch- wood, placed 
in a metal cup, may be lighted, by paſſing 
the ſtream from the inſide of the jar through 
them, as in the foregoing experiment; enn, 
nn the circuit. 
As it therefore appears, that the electric fluid, 

den it mores through bodies, either with great 
rapidity, or in great quantities; will ſet them 


on fire, it is. fearce diſputable, that this Avid i * 
the ſame with the element of ey 


 Exy.£RIMEN 7 hs 
To fire the ſmall, electrical cannon, charge is 
with gun-powder in the ufuak manner, then 
fil the ivory touch-hole with gun-powder, 
ram it well down, and puſh the braſs pin down, 
ſo that the end of it may be near the bottom of 
the hole; make a communication between the 
outfide of a large charged jar or battery and 
the body of the cannon, by placing one end of 
the diſcharging rod on the pin which paſſes 
down the touch-hole, and bring the other end 
the knob of the jar, ang the diſcharge will 
fire the F, + 
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EXPERIMENT: CcviIt. 1 4 


Fig. 89 1s a perſpective view of the powder- 
houſe; the ſide of the roof next the eye being 
omitted, that the inſide may be more conveni- 
ently ſeen. The front of this model is fitted 
up like the thunder-houſe, and is uſed in the 
ſame manner; the ſides of the houſe, the back. 
and fore-front, are joined to the bottom by 
kinges; the roof is divided into two parts, 
which are alſo faſtened by hinges to the fides ; 
the building is kept together by a ridge on the 
roof ; when the roof is blown up, it will fall 


down with the fides, the back, and fore-front. 


To uſe this model, fill the ſmall tube @ with 
gun- powder, and ram the wire c a ſmall way in 
the tube, then connect the hook e with the bot- 
tom of a large jar or battery; when the jar is 
charged, form a communication from the hook 
d to the top of the jar; the diſcharge will fire 
the powder, and the exploſion of the gun-pow- 
der will throw off the roof, and the fides, the 
fore and back fronts will then all fall down. 
Fig. go repreſents a wooden pyramid, de- 
ſigned to ſhew the experiments which are made 
with the thunder-houſe, and is uſed m the 
ſame manner. When the piece à is thrown 
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out by the diſcharge, the upper ij of the 
Oy" falls n | 


Expzxinest CVI. 


Fix the ladle I, fig: 33; into the hole 1 At t the 
end of the donductor, place a ſmall piece of 
eamphor in the ladle, ſet the camphor on fire; 
and then put the machine in action; the 
camphor will throw out a variety of ſmall: 
ſhoots, and have the 55 rn of an imperfe& 


vegetation. 
ExyzRiMeEnt CCIX. 


Wrap ſome looſe cotton, which has been pre- 
viouſly rolled in fine powder of yellow. reſin; 
round one of the balls of a diſcharging rod, 
and hold the other end to the Guter coating of 
z charged jar ; then bring the knob with the 
\ tefin towards the ball of the jar, and the ex- 
ploſion will fire the reſin, and this will com- 
municate the flame to the cotton. 

Fig. 91 repreſents the inflammable air lamp, 
invented by Mr. Volta. A is a glaſs globe to 
contain the inflammable air, B a glaſs baſon, or 
reſervoir, to hold water; D is a cock, which is 
to form occaſionally a communication between 

f the 
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the refervoir of water B, and that of air A; 
the water paſſes into the latter through the me. 
tal pipe g g, which is fixed to the upper part 
of the reſervoir A: is a ſmall cock, to cut off, 
or open a communication with, the air in the 

ball, and the jet K. N is a ſmall pipe to hold 

2 piece of wax taper, L a braſs pillar, on the 
top of which is a braſs ball; à is a pillar of 
glaſs, furniſhed at top with a ſocket; a wire 3 
Tides in this ſocket, a ball is ſcrewed on to the 
end of the wire. F is a cock, by which the 
ball A is filled with inflammable air; and which 
afterwards ſerves to confine the air and the 
water that falls from m_— baſon B into the 
ball A. 

To uſe this inftrameit; after W filled 
the reſervoir A with pure inflammable air, and 
the baſon B with water, turn the cocks D and 
8, and the water which falls from the baſon B 
will force out ſome of the inflammable air, and 
cauſe it to paſs through the jet K into the air. 
If. an electrie ſpark is made to paſs from the 
braſs ball to the braſs ball », the inflammable 
jet, which paſſes through the pipe K, will be 
fired. To extinguiſh the lamp, ſhut rn the 
cock 8, and then the cock D. 

To fill the reſervoir Aa with inflammable air, 
White is to be made in the uſual manner; and 
with the uſual * having previouſty 
Vi, filled 
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filled A with water, place the foot R under 
water, on a board or ſtool in a large tub of 
water; that the bent glaſs tube, through which 
the inflammable air paſſes; m#y paſs commodr- 
ouſly under the foot of the lamp; when the 
air has nearly driven out all the water, turn ths 
cock F, and the apparatus is ready for uſe. 
Fhis inſtrument is convenient to preſerve a 
quantity of inflammabte atr ready for any occa- 
ſional experiment; as charging the inflam- 
table air piſtol, &c. It is alſo convenient to 
light a candle for economical purpoſes, as the 
finalleſt ſpark from an electrophorous, or a 
ſmall bottle, is ſufficient to fire the air: | 
A fmall battery of inflammable air piſtols is 
occafionally made, that affords confiderable 
amuſement ; as either one piſtol; or the whole 
together, may be fired at the pleaſure of the 
Operator. 
The following experiment was made 1 Mr. 
Kinnerſly with his electrical thermometer, 
which is deſcribed in page 33 of this Eſſay. 


ExPERIMENT CCX. 


Having put fome tinged water into the large 
tube, he placed the two wires within the tube 
in FRA and. paſſed a large charge of elec- 
tricity 
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trigity from above thirty ſquare feet of coated 
glaſs, which produced no rarefaction in the 
air, and ſhewed that the wires were not heated 


by the fire paſſing through them. When the 


wires were about two inches aſunder, the charge 


of a three-pint bottle, darting from one to the 
other, rareſied the air very evidently. The 


charge of a jar, which contained about five gal- 


lons and a half, darting from wire to wire, 
occaſioned a very. confiderable ex panſion in the 


air; and the charge of a battery of thirty ſquare 


feet of coated glaſs, woyld raiſe: the water in 
the ſmall tube quite to the top: upon the co- 
aleſeing of the air, the column of water inſtantly 
ſubſided, till it was in equilibrio-with the rare- 
fied air; then gradually deſcending as the air 
cooled; ſettled where it ſtood. before. By 


carefully obſerving at what height the deſcend- 


ing water firſt ſtopped, the degree of rarefaction 
might be cafily diſcovered. | 


ExPFERIuMNx T CCXT, 


Take a glaſs tube, about four inches long, 
one quarter of an inch in diameter, and open 
at both ends; moiſten the inſide of the tube 
with oil of tartar per deliquium, then fix twa 
pietes of cork into the ends of the tube, and 
paſs a wire through each cork, fo that the ends 
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of the wires, which are within the tube, may 
be about three quarters of an inch aſunder. 
Connect one wire with the outſide coating of a | 
large jar, and form a communication from the 

other to the ball of the jar, fo as to paſs the 
diſcharge through the tube ; repeat this ſeveral 
times, and the oil of tartar will very often give 
maniteſt f of eryſtalization.* | 


Exyxntunnt ccxu. 


os A Wee phial, (the top of which 
is cemented into the bottle) place it upon an 
inſulated ſtand, and then take hold of it by the 
ball, and preſent the coated ſurface towards the 
condenſing ball of a prime conductor while the 
cylinder is charging, and a large bruſh and 
ſpark will paſs between the coating of the bot- 
tle and the ball of the conductor, from four to 
twelve inches and + <a in length. 


ExXPER IMENT CCXIII. 


Take ſome of the powder of Canton's phoſ- 
phorus, and by means of a little ſpirit of wine, 
ſtick it all over the inſide of a clean glaſs phial, 

ma ſtop the bottle, and Keep it from the 
light. | 


e Cavallo 0 on \ Medical Electricity, p. 117. 
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light. To illuminate this phoſphorous, draw 
ſeveral ſtrong ſparks from the conductor, keep 
ing the phial about two or three inches from 
the ſparks, fo that it may be expoſed to their 


light; the phial will afterwards appear lumia 
nous, and remain ſo for a conſiderable time: 


ETTIZAII IAT COXTY. 


Diſcharge a jar over a thin piece of wood; 
which is cut in the ſhape of a creſcent, and 
covered with this phoſphorus, and the creſ- 
cent will be luminous in the dark. n 

Place a ſmall key on the phoſphorus, 21 
diſcharge. a Leyden phial over the phoſpho- 
tus, and then throw the key off from it, and 
when it is exhibited in the dark, the form of 
the key and all its wards will be perfectly 
eas 77 5. | | | 

As the experiments on phoſphorus ate in 
themſelves exceedingly curious, and appear to 
me to be intimately connected with the nature 
of electricity, I hope I ſhall not be thought to 
have deviated too far from the ſubject of this 
eſſay by introducing fore experiments of Mr. 
Wilſon on this ſubject; the more ſo, as the 
producing the priſmatic colours is by no means 
citewtr, as little more is required than a few 

oy Y 2 oF of ſter+ 
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oyſter-ſhells, and a good fire of any kind. Fer, 
if thoſe ſhells are thrown careleſsly into the 
middle of the fire, and continued there for a 
proper time, (which may be from ten minutes, 


a quarter, half, or three quarters of an hour, 


to one, two, or three hours, according to the 
thickneſs and compactneſs of the ſhells, and the 
degree of fire they are expoſed to) they will 
exhibit lively priſmatic colours, after they are 
removed from the ſun into the dark ſuddenly, 
and the eyes have been previouſly- prepared a 
little to receive them. Mr. Wilſon excited alſo 
the light of theſe ſhells with electricity, in * 
| following manner. 0 Ant 


EXPERIMENT. xv. 

He placed upon a metal Kind, whiths was. 
rounded at top, and about half an inch in dia- 
meter, a prepared ſhell, that would exhibit 
the priſmztic colours very lively ; on the upper 
ſurface of this ſhell; and near the middle, where 
the colour-making parts . predominated, ' he 
brought the end of a metal rod, and then-con- 
' nected the tivo metals properly with the-coat- 
ings of « charged phial, in order to diſcharge 
the fluid. In this circuit there was left, de- 
fignediy, an interval of about three inches, un- 
occupied: by metal, and next one ſide of the 
+ glaſs; 
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glaſs ; the diſcharge was made by compleatiug 
the circuit with metal where the interval was 
left. The ſhell, at that inſtant, was lighted up 
to an exceeding great advantage, ſo that all 
the colours appeared perfectly diſtinct, and in 
their reſpective places, anſwering to their differ 
ent colour-making parts. Theſe colours con- 
tinued viſible ſeveral minutes, and when they 
ceaſed to appear, a white purpliſh light occu- 
pied their places, which laſted for a conſiderable 
time. And notwithſtanding this experiment 
was repeated with the fame and other ſhells, 
the colours continued in their reſpective places, 
and nearly of the ſame degree of brilliancy; 
excepting, that in or near thoſe parts where 
the exploſion took place a few ſcales were Ort». 
ven "off. | {- 


77% 
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Which proves, that bodies of the ſame na- 
ture, but of different volumes and different 


maſſes, are charged with electrical matter only 


in proportion to their ſurface, without any in- 
fluence or concurrence of their maſſes in this 


caſe. wa Tg 
The allowing experiment, which we mall 


give. in Mr. Achard's own words, ſeems to de- 


1 9 62 - cide 


©: 00 e 
cide this queſtion, on which philoſophers have 
entertained very different opinions. 

I electrified (ſays he) a cylindrical, hollow 
braſs conductor, ſeven inches long, and one 
and a half in diameter: when it had. acquired 
forty degrees of electricity, I drew from it a 


ſpark, with a conductor of hollow brafs, of 


ſeven inches long, and one and a half diameter, 
which weighed eight ounces, and was carefully 
inſulated. The firſt conductor loſt fifteen dey 
grees of its electricity. I repeated the ſame 
experiment, when the conductor had thirty de: 
grees of electricity, and then it loſt ten degrees, 
Finally, when the conductor had twenty de- 
- grees of electricity, it loſt only ſeven by its in- 
ſtantaneous contact with the ſame cylinder, 
After having filled this cylinder with lead, 
which produced an addition of five pounds to its 
weight, and conſequently to its maſs, I repeated 
the ſame experiments, and obtained from them 
the very ſame reſults. | 

This is followed by other experiments, which 
are 2 farther confirmation. of Mr. Athare's 
opinion. 

Theſe experiments ſhew, 1ſt. That bodies 
of an equal ſurface, but different in maſs, 
when they are placed in the ſame circumſtances, 
are Charged with an equal quantity of electri- 
cal matter; and 2dly, That bodies equal in 
Fx h 3 maſs, 
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maſs, but different in extent of ſurface, when 
they are placed in fimilar circumſtances, are 
charged with an unequal quantity of electrical 


matter, and that the body, whoſe ſurface is lat- 
ger, receives more than that whoſe ſurface 1s 


leſs. Therefore, it is in proportion to their 
ſarfaces; and not to their maſs, that bodies are 
charged with a greater or leſs quantity of the 
electrical fluid. h | 

Before theſe experiments were made it had 


been obſeryed, that the extreme ſubtilty, and, 


in moſt cafes, invifibility of the electric fluid, 


render all reaſoning about its motion precarious. 


It is however incredible, that this fluid ſhould 
paſs through the very fabſtance of metallic bo- 


dies, and not be retarded by their folid parti- 


cles; In thoſe cafes; where the ſolid parts of 
metals are evidently: penetrated, i. e. when 
wires are exploded, there is a manifeſt reſiſt- 
ance, for tlie parts of che wire ate ſcattered 
about with violence in AF directions. 
The Ike happened if Dr. Prieſtley's circles, 


müde on ſmboth pieces of metal. Part of the 


metal was alſo difperfed and thrown off, for the 
circular ſpots were compoſed of little cavities. 
If therefore the fluid was diſperſed throughout | 


the ſubſtance, and not over the ſurface of the 


metal, it is plain, that a wire, whoſe diameter 
is equal to one of thoſe circular ſpots, ought 
U 4 Al 
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alſo to have been deſtroyed by an exploſion af 
equal ſtrength ſent through it; whereas, a wire, 
whoſe diameter is equal to one of thoſe ſpots, 
would without injury conduct a ſhock much 
greater than any battery hitherto. conſtructed. 
could give, It is moſt probable, therefore, 
that though violent flaſhes of electricity, which 
act alſo as fire, will eater into the ſubſtance of 
metals and conſume them, yet it immediately 
diſperſes itſelf over their ſurface, without en- 
tering their ſubſtance any more, till being for- 
ced to collect itſelf into a narrow ' compaſs, ir 
again acts as fire. 
In many caſes the electric fluid will be con: 
ducted very well by metals reduced to a mere 
ſurface. A piece of white paper will not con- 
duct a ſhock, without being torn to pieces, as 
it is an electric ſubſtance; but a line drawn on 
it with a black lead peneil, will ſafely convey 
the charge af ſeveral jars. It..is impoſſible we 
can think, that the fire here paſſes through the 
ſubſtance of the black lead / ſtroke, it muſt run 
over its ſurface; and if we conſider ſome of 
the properties of metals we ſhall find, that there 
is great reaſon to ſuppoſe that their conducting 
pets lies at their ſurface. .- , 
Fig. 92 repreſents a ſmall glaſs ihe flopped 
at one end with a piece of cork ; & is a wire 
which paſſes Sig a fer of cork, fitted into 
5 ' the 
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the other end of the tube, the upper part of 
the wire is furniſhed With a braſs ball, the end 


of the wire within the tube is bent at right, am. 


les to the reſt of the wire, 


0 


| Exp ERIME 1 ＋ ccxvn. 


Take out the upper cork and wire, pony 
ſome ſallad oil into the tube, and then fit in 
the cork, and puſh down. the wire, ſo that 
the end of it may be near or rather 


below the ſurface of the oil; preſent the 
ball towards a prime conductor, holding the 
finger or any other non- conductor oppoſite the 
bent end of the wire, and when a ſpark paſſes 


from the conductor to the braſs ball, another 
will paſs from the end of the wire, and perfo- 
rate, the glaſs, the oil will be curiouſly agita- 
1 | 87 

This experiment appears more beautiful 


when it is made in the dark. After the firſt 
hole is made, turn the end of the wire round. 
towards another part of the glaſs tube, and a. 


ſecond hole may be made in the ſame manner, 
This experiment was communicated to me by 
the Rev. Mr. Morgan, of Norwich, who has 


carried it much farther, by filling ſmall bottles. 


with nh, and then paſſing the ſhock in a 
ſimilar 
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fitnilar mode through them. The perforation 
may be made with water in the Rule Wear | 
& oil, 

Mr. Lullen oroduetd very conſiderable effects 
by paſhng the ſhock through wires that were 
inſerted in tubes. filled with oil, The ſpark 
appears larger in its paſſage through oil, than 
when it paſſes through water, 

Mr. Vilette filled a diſh of metal with oil, 
and when he had ele&rified the diſh, he plunged 
4 needle into the oil, and received a very ſtrong 

| fpark as ſoon as the point of it came within a 
ſmall diſtance of the diſh. A ſmall cork ball 
being made to ſwim in this oil, upon the ap- 
proach of the thick end of the ſtalk of a lime, 
it ptunged to the bottom, and immediately roſe 
up again. | 

Analogous to this experiment of Mr. Mor- 
gan are ſome obſervations of Dr. Prieſtley, 
who conſtantly found, that whenever he had 
covered the fractured place of a jar with any 
Eind of cement or varniſh, it always broke at 
the place where the cement terminated; there 
the glaſs was perforated, and a new fracture 
was made, which had no communication with 
the former. The jar always broke at the firſt 
charge, generally before it had received half 
its charge. Struck with this phenomenon, the 
Doctor proceeded to try the experiment on 

; 2 
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a jar which was not broke, and whoſe ſtrength 
he had previouſly aſcertained by repeated dif- 
charges: he took off a little of the outſide 
coating, and put on the glaſs a patch of ce- 
ment, about an inch in diameter, then drawing 
the coating over it, he charged the jar, but 
before it had received halt its charge, it burſt 
by a ſpontaneous exploſion, not indeed at the 
termination, but at the middle of the patch of 
cement, where the glaſs was thinneſt. He co- 
vered another entirely with cement, and it 
broke near the bottom, where the glaſs is ge- 
nerally thickeſt. A jar that was covered en- 
tirely both inſide and outſide with cement, and 
then coated with tin- foil, burſt at the 65 * 
. to charge it. 


Exyrament Sc XVII. 


The magie picture is is a coated pane of ub, 
proper to anſwer the purpoſe of the Leyden 
experiment; over the coating on one fide is 
paſted a picture, on the other ſide a piece of 


white paper is paſted, ſo as to cover the whole 


glaſs; it is then put into a frame, with the 
icture uppermoſt, and a communication is 
formed from the tin- foil of the under fide to 
the bottom rail of the frame of the Fun 
which rail is red with tin-foil. | 
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Lay the e on the table, with ho print 
uppermoſt, and a piece of money on it, let a 
chain fall from the conductor to the print, 
turn the cylinder, and the plate of glaſs will 
oon be charged; now take hold of the picture 
by the top rail, and let another perſon take 
hold of the bottom rail and endeavour to take 
off the piece of money, in doing this they will 
receive a ſhock, and generally fail in the at-. 
| tempt. 7 RIG $ 


EXPERIMENT CCXITX. 


Put a quantity of braſs duſt into a coated 
Ar, and when it is charged invertit, and throw 
fore of the duſt out, which will be ſpread in an 
equable and uniform manner on any flat furface, 
and fall juſt like rain or ſnow, May it not be 
queſtioned, ſays an ingenious writer, whether 

Water, falling from the higheſt region of the 
clduded atmoſphere, would not meet the earth 
in much larger drops, or in cataracts, if the 


coaleſcing power of the drops was not counter- 
acted by their electric atmoſpheres?: 


ExpERIUMENT CCXX. 2 
8 421 * + 42 Gy £4 | | - {4 1 : *- 
Place a piece of ſmoaking wax-taper on the 
n cenductor, turn the cylinder, the vo- 
lum 


ON "ELECTRICITY. gor 


ume of ſmoak will become more onntrafint 
and its motion upward accelerated. Take off 
the electrieity of the conductor, and ſuſpend a 
pair of pith balls over it, and about five feet 
diſtance from it, turn the machine, and in a 
few ſeconds the balls will open half an inch ; 
remove the taper, and the balls wall not * 
n. | | 
This experiment, 1 clearly evinces, 
chat ſmoke is a conductor of electricit. 


ExXTEIILYT CCXXI. 


Take a round board, well varniſhed, and lay 
on it a chain in a ſpiral form, let the interior 
end of the chain paſs through the baard, and 
connect it with the coating of a large jar; fix 
the exterior end to a diſcharging rod, and chen 
diſcharge the jar; a beautiful ſpark will be 
ſeen at every link of the chain. The illumina- 
tions to be produced by a chain are capable of 


an infinite variety of modifications. 


ExyzaIMEent CC XXI. 


Place ſpots of tin- foil, at equal diſtances 
from each other, on a piece of bent glaſs, and 


let the ends of the glaſs be furniſhed with brais 
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- balls, and a glaſs handle be fixed to the middſe 
of the bent glaſs. This inſtrument. will ſerve 
as a diſcharger, and at the ſame time exhibir, 
at each ſeparation of the tin-foil, the electric 
light; 

1 made ſeveral of theſe Juminous diſcharging 
tods, many years fince, in order to ſhew, that + 
the electrie fluid iſſues from the negative and 
poſitive coating of eaeh diſcharge; agreeable to 
the idea conveyed by Mr. Atwood's experi- 
ments, ſee Exp: 118, 119, 120, of this Eſſay. 
But I foon found, that the circuit of a diſ- 
charging rod was not ent extenſive for 
the purpoſe. 


krers ITE: CCXXIII. 


rie 98 repreſents ſeveral ſpiral tubes, placed. 
round a board, a glaſs pillar is fixed to the 
board, and on this pillar is cemented a meta! 
cap, carrying a ſmall ſteel point; a brafs wire, 
furniſhed with a ball at each end, and nicely 
balanced, is placed on this point: place the 
middle of this wire under a ball proceeding 
from the conductor, ſo that it may receive 


2 contiriued ſpark from the ball; then give the 


wire a rotative motion, and the balls in revolving 


wal * a ſpark to each ball of the ſpiral tube, 
| which. 
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which. will be eommunicated from thence | to 
the board; forming, from the brillianey of 
the light and its rapid en a very . 
experiment. a 5 1 
All theſe experiments on the 8 Wi 
ſpark may be pleaſingly and beautifully varied, „ 
and the ſpark made to appear of different s- 14 
lours, at the pleaſure of the * 


ExyERIMENT XII. ; 1 | [ T 


Suſpend a light cork ball, which is ebb _ 
over with tin-foil or gold- leaf, by a pretty long 
filk thread, ſo as juſt to touch the knob of a 
charged jar placed on a table; it will be firſt 
attracted and then repelled to ſome diſtance, 
where, after a few vibrations, it will remain - 
at reſt, If a lighted candle is now placed at 
ſome diſtance behind it, ſo that the flame of 
the candle may be nearly as high as the knob 
of the phial, the cork will inſtantly be agitated, 
and, after ſome irregular motions, will deſeribe 
a curve round the knob of the phial, and this 
it will continue to do for ſome time. 

Fig. 96 and 97 repreſent an electrometer, | 
nearly ſimilar to that contrived by Mr. Brooke. 
The two inſtruments are ſometimes combined 


in one, or uſed ſeparately, as in theſe figures:. | 
| The | 


4 _ = a YN - r >, n * 1 


ner | 
The arms FH fh, fig: 97, when in uſe, are 

to be placed as much as poſſible out of the at- 
moſphere of a jar, battery, prime conductor, 
&c. The arm FH and the ball'K are made 
of copper, and as light as poſſible. The divi- 
fions on the arm FA are each of them exactly 
2 grain. They are aſcertained at firſt by placing 


grain weights on a braſs ball which is within 
the ball I, (this ball is an exact counterbalance 


to the arm F H and the ball K when the ſmall 
lid r is at the firſt diviſion) and then re- 
moving the ſlide x till it, together with the 
ball K, counterbalances the ball I and the 
weight laid on it. | | | 

A, fig. $6, is a dial-plate, divided into 90 
equal parts. The index of this plate is carried 
once round when the arm BC has moved 
through go degrees, or a quarter of a circle. 
The motion is given to the index by the repf- 
five power of the charge acting between the 
ball D and the ball B.“ 

The arm BC being repelled, ſhews when 
the charge is increaſing, and the arm FH 
ſhews what this repulſive power is between two 
balls of this fize in grains, according to the 
number the weight reſts at when lifted up by 
the repulſive power of the charge: at the ſame 
time the arm B C points out the number of de- 


grees 
® Philoſophical Tranſactions, Vol. 82, p. 384. 
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grees to which the ball B 4s repelled; ſo that, r 
by repeated trials, the number of degrees, an- 
ſwering to a given number of grains, may be 
aſcertained, and a table formed from thefe ex- 
perirtients, by which means the electrometer, 
fig · 96, may be uſed without that of fig. 97. 
Mr. Brooke thinks that no glaſs, charged 
(as we call it) with electricity, will bear a 
greater foree, than that whoſe repulſive power, 
between two balls of the fize he uſed, is equal 
to 60 grains: that in very few inſtances it 
will ſtand: 60 grains weight; and he thinks 
it hazardous to go more than 45 grains. | 
Hence, by knowing the quantity of coated | 
ſurface, and the diameter of the balls, we may 
be enabled to ſay, ſo much coated furface, 
_ with, a repulſion,” between balls of fo many 
grains, will melt a wire of ſuch a fize, or kill 
ſuch an animal, &c. | 1 
Mr. Brooke thinks, that he is not ac- 
quainted with all the advantages of this elec- 
trometer; but that it is clear, it ſpeaks' a 
language which may be univerfally underſtood, -. 
which no other will do ; for though other elec- 
trometers will ſhew whether a charge is greater 
er leſs,” by an index being repelled to greater 
or ſmaller diſtances, or by the charge exploding 
at different diſtances, yet the power of the 
charge. is by no means aſcertained: but this 
* 1 —_— 
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1 ſhews the force of the repulſive 
power in grains; and the accuracy of the inſtru« 
ment is eafily proved, by placing the weight 
on the internal ball, and ſeeing that they coin- 


cide with the divifions on the arm FH, when 
the ſlide is removed to them. 


Obſervations and Experiments made | by Dr. 
Prieftley on the "Effetts of Electricity on 
_ different elaſtic Fluids. 


EXPERIMENT - CCXXV. 


To change the blue colour of liquors, 
tinged with vegetable juices red. The appa- 
ratus for this purpoſe is ſeen in fig. 94. AB 
is a glaſs tube, about four or five inches long, 
and one or two tenths of an inch diameter in 
the inſide; a piece of wire is put into one end 
of the tube, and fixed there with cement; a 
braſs ball is placed on the top of this wire; 
the lower part of the tube from à is to be filled 
with water, tinged blue with a piece of turn- 
ſole or archal. This is eaſily effected, by ſet- 
ting the tube in a veſſel of the tinged water, 
then placing it under a receiver on the plate of 
the air dump: exhauſt the receiver in part, 

| and. 


* 


ON ELECTRICITY. 307 


And then, on letting in the air, the tinged liquor 
will riſe in the tube, and the elevation will be 
in proportion to rhe accuracy of the vacuum, 
now take the tube and veſſel from under the 
receiver, and throw ſtrong ſparks on the braſs 
ball from the prime conductor. 

When Dr. Prieſtley made this ben 
he perceived, that after the electric ſpark had 
| been taken; between the wire z and the liquor 
at a, about 'a minute, the upper part of it bez 
gan to look red; in two minutes it was manli- 
feſtly ſo, and the red part did not readily mix 
with the liquor. If the tube was inclined when 
the ſparks were taken, the redneſs extended 
twice as far on the lower fide as on the 
upper: In proportion as the liquor became 
red, it advanced nearer to the wire; fo that 
the air in whieh the ſparks were taken was di- 
miniſhed; the diameter amounted to about 
one fifth of the whole ſpace z after which, a 
continuarice of the electrification produced no 
ſenſible effect. | 

To determine, whether the cauſe of the 
change of colour was in the air, or in the elec- 
trie matter, Dr. Prieſtley expanded the air in 
the tube, by means of an air pump, till it ex- 
pelled all the liquor, and admitted freſh blue 
liquor in its place; but after this, electricity 
produced no ſenſible effect on the air or on the 

X 2 liquor; 


308 AN ESSAY. 


liquor; ſo that it was clear, that the electric 
matter had decompoſed the air, and made it 
depofit ſomething of an acid nature» The re- 
ſult was the ſame with wires of different me- 
tals. It was alſo the ſame when, by means of 
a bent tube, the ſpark was made to paſs from 
the liquor in one leg, to the liquor in the 
other. The air, thus diminiſhed, was in the 
higheſt degree noxious. 

In paſſing the electric ſpark through differs 
ent elaſtic fluids it appears of different co- 
lours. In fixed air, the ſpark is very white; 
in inflammable and alkaline air, it appears of a 
purple or red colour? From hence we may in- 
fer, that the conducting power of theſe airs is 
different, and that fixed air is a more perfect 
non- conductor than inflammable air. 

The ſpark was not viſible in air from a cauſ- 
tic alkali, made by Mr. Lane, nor in air 
from ſpirit of ſalt; ſo that they ſeem to be 
more perfect conductors of electricity than wa- 
ter, or other fluid ſubſtances. | 

The electric ſpark, taken in any kind of oil, 
produces inflammable air. Dr. Prieſtley tried 
it with ether, oil of olives, oil of turpentine, 
and effential oil of mint, taking the electric 
ſpark in them without any air to begin with; 
inflammable air was produced in them all. 


* 
* 
” 
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Dr. Prieſttey found, that on taking a ſmall 
electric exploſion for an hour, in the ſpace of 
an inch of fixed air, confined in a glaſs tube 
one tenth of an inch diameter, when water 'was 
admitted to it, only one fourth of the air was 
imbibed. Probably the whole would have 
been rendered immiſcible in water, if the elec- 
trical operation had been continued a ſufficient 
time. 

The electric ſoark, when taken in alkaline 
arr, appears of a red colour; the electric ex- 
Plofions, which paſs through this air, increaſe 
its bulk; ſo that, by making about 200 ex- 
plofions'i in a quantity of it, the original quan- 
tity will be ſometimes increaſed one fourth. If 
water is admitted to this air, it will abſorb the 
original quantity, and leave about as much 
elaſtic fluid as was generated by the electricity, 


and this elaſtic fluid is a ſtrong inflammable 


edn Hobbs | 

Dr. Prieſtiey found, that when the electric 
fpark' was taken in vitriolie acid air, that the 
inſide of the tube in which it was confined was 
covered with a blackiſh ſubſtance. He ſeems 
to think, that the whole of the vitriolic acid 
air is convertible into this black matter, not by 
means of any union which it forms with the 
electric fluid, but in conſequence of the con- 
ruten given to it by the exploſion; and that, 


* 3 "= I'S 
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if it be the calx of the metal which ſupplied 
the phlogiſton, it is not to be diſtinguiſhed 
from what metal, or indeed from what ſub - 
ſtance of any kind, Me: air 1 been EX>, 
tracted... [rot 5 
Pr. Prieſlley 3248 150. Ke bes by a com- 
mon jar in about a quarter of an ounce meaſure. 
of vitriolic acid air from copper, by which 
the bulk was diminiſhed about one third, and 
the remainder ſeemingly not changed, being 
all abſorbed by water. In the courſe. of this 
proceſs, the air was carefully transferred three 
times from one veſſel to another; and the laſt . 
veſſel, in which, the exploſions were made in it, 
was, to all appearance, as black as the firſt; 
ſo that the air ſeems to he all nee into, 
this black ſubſtance, | *: ... rnigito 
Thinking this diminution by * vitriolio acid 
air might ariſe from its abſorption by the ce: 
ment, with which the glaſs tubes employed in 
the laſt experiment were cloſed, he repeated it 
with the air from quickſilver, in a glaſs ſyphon 
Confined by e and 50 Tale eps ; 
france. 3 5 
That this matter comes Gt hs” vitxiplic | 
Y acid air only, and not from any combination of 
the electric matter with it, will en from *. 
owing REP 77 u 511 
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He took the ſimple electric ſpark from a CON» 
ductor of a moderate fize, for the ſpace of five 
minutes without interruption, in a quantity of 


vitriolic acid air, without producing any change 


in the infide of the glaſs; when immediately 
after, making in it only two exploſions of a 
common jar, each of which might be produced 
in leſs than a quarter of a minute with the ſame 
machine in the ſame ſtate, the whale of the 
infide of the tube was compleatly covered with 
the black matter. Now had the electric matter 
formed any union with the air, and this black 
matter had been the reſult of that combination, 


all the difference that would have ariſen from 


the ſimple ſpark or the exploſion, could only 
haye been a more gradual, ar a more ſudden 
formation of that matter. 
A large phial, about an inch and a half 
wide, being filled with this air, the exploſion 
of a very large jar, containing more than two 
feet of coated ſurface, had no effect upon it; 


from which it ſhould ſeem, that in theſe caſes, 


the force of the ſhock was not able to give the 
quantity of air ſuch a concuſſion as was ne- 
ceſſary to decompoſe any part of it, 

He had generally made uſe of copper, but 
afterwards he procured: this air from almoſt 
every ſubſtance from which it could be 


obtained; . the electric exploſion taken in it 
X 4 pro- 
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produced the ſame effect. But, as ſome of the 
experiments were attended with peculiar cir- 
cumſtances, he een mentions them, as fol: 
. Jows. 

When he endeavoured 10 get vitriglic aciq 
air from lead, putting a quantity of leaden 
ſhot into a phial containing oil of vitriol, and 
applying only the uſual degree of heat, a con- 
fiderable quantity of heat was produced; but 
afterwards, though the heat was encreaſed till 
the acid boiled, no more air could be got. He 
imagined therefore, that in this caſe the phlo- 
giſton had, in fact, been ſupplied by ſome 
thing that had adhered to the ſhot. However, 
in the air ſo prodpced, he took the electric ex- 
ploſion; and in the firſt quantity he tried, a 
whitiſh matter was produced, almoſt covering 
the inſide of the tube: but in the ſucceeding 
experiments, with air produced from the ſame 
ſhot, or from ſomething adhering to it, there 
was leſs of the whitiſh matter; and at laſt, no- 
ching but black matter was produced, as in all 


che other experiments. Water being admitted, | 


to this air, there remained a conſiderable reſi- 

duvm, which was very ſlightly inflammable.. 
Vitriolic acid air is eafily procured from 

ſpirit of wine, the mixture becoming black be- 


fore * air is yielded. The electric exploſion 
taken 
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taken in this air 2 e the wenn 


matter. 

The experiments W * Scher frem to 
throw moſt light upon this ſubject, as this 
air is as eaſily procured from ether as any 
ether ſubſtance, - containing phlogiſton. In 
the air procured by ether the electric explo- 
fion tinged the glaſs very black, more ſo than 
in any other experiment of the kind; and, 
when water had abſorbed what it could of this 


air, there was a reſiduum in which a candle 


burned with 2 lambeut blue flame. But what 
was moſt remarkable in this experiment was, 


that beſides the oil of vitriol becoming very 


black during the proceſs, à black ſubſtance, 
and of a thick conſiſtence, was formed, which 


* 


ſwam on the ſurface of the acid. EET 


Ie is very poſſible, chat che anglyſioipfirhic 


ſubſtance. may be a means of throwing: light 
upon the natpe gf the black matter, formed 
by electric exploſions, in vitriolic acid air, 
as they ſeem tg rente one another "erp 

much. 0 
The cleric. foack or —_ rakens; in 
common air, confined by .quickfilver in a glaſs 
tube, covers the infide of the tube with a black; 
matter, which, when heated, appears to be. 
hure quickfilver. This, therefore, may be the 
caſe with, the black matter into which he ſupe 
poſed 
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poſed the vitriolic acid air to be converted by 
the ſame proceſs, though the effect was much 
more remarkable than in the common air. 
The exploſion will often produce the diminu- 
tion of common air in half the time that ſimple 
parks will do it, the machine giving the fame 
quantity of fire in the ſame time: alſo, the 
blackneſs of the tube is much ſooner produced 
dy the ſhocks than by the ſparks. When the 
tube confiderably exceeds three tenths of an 
inch in diameter, it will ſometimes become ve- 
ry black, without there pe _ te an 
minution of the en of air. 116 


Exyrnrmnn cc xvI. 7 i 


This curious eee was made by Mr. 
Marſham, originally with a view to melt wires 
with à ſmall Leyden bottle. The effects are 
curious, and ſeem to open a new field for in- ; 
veſtigating the force and direction of the elec- 
trie fluid. He fixed a ſmall piece of wax upon 5 
the outfide coating of the Leyden bottle, the 
bead of a ſmall needle was ſtuck in the wax, 
Jo as to be at right angles to the coating; op- 

poſite to the point of this needle, and at half 
an inch diſtance another needle was fixed, 
by being forced through the bottom of a chip. 
box, this was coneſred with the SIE 
rod 


Ul 
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rod by a wire, On diſcharging the bottle, the 


needle with the wax was driven from the coat, 
ing of the bottle, and fixed into the box op- 


poſed to it. The diſtance between the needles 


was then increaſed to two inches and a half, 
which was the greateſt ſtriking diſtance. The 


head of the needle, which was fixed to the 


bottle, was evidently melted in two or three 
places. If the charge was ſtrong, and the wax 
was not ſtuck faſt to the coating of the bottle, 
both the wax and the needle would be driven 
ſome inches from the bottle, On placing a 
ball of wax on the point of each needle, and 
paſſing the diſcharge through them, the ball 
Was thrown from that connected with the bottle 


full two feet. Repeating this again, he could 


not produce the ſame effect. 


Mr. Marſham now fixed the needle, oppoſed 


to that on the bottle, with wax on a braſs plate, 
On paſſing the charge through them, when the 
needles were half an inch diſtance from each 


other, the needle was thrown fix inches from 


the braſs plate, while the other remained in its 
ſituation. On increaſing the diſtance, the effects 
were the ſame, till it came to one inch and a 
half, when neither were thrown off. In many 
inſtances, both were thrown off, leaving the 
wax behind them. 
The 
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The needles in all theſe experiments paſſed 
r the wax, ſo as to touch the coating of 
the dottle and the braſs plate, both the coating 
and plate were beautifully fuſed at each ex. 
ploſion. 

Mr. Marſham then ſubſtituted ſmall pieces 
of putty inſtead of wax; when, on making the 
difcharge with the points, at only three-eighths 
of an inch, the needle was driven from the bot 
tle, and the putty forced up 'the needle. The 
points were then placed as near each other as 
was poffible; when, on making the diſcharge, 
the putty of both needles was blown to pieces, 
and the needle thrown at a conſiderable dif. 


tance ; the braſs plate was alſo curiouſly melted, 
and the bottle broke. | 
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On the Analogy between the Production and 
Effects of Electricity and Heat, and alſo 
between the Power by which Bodies con» 
daft Electricity and receive Heat with 
the Deſcription of an Inſtrument to meas 
ſure the Quantity of the Electrital Fludd, 
which Bodies of à different Nature will 
conduct, when placed in the ſame Circum- 

flances, By Mr. Achard.* 


he Nins of heat i is fimilar to that of 
Electricity. 8 
Every Kind of friction produces heat and 
electricity. It may be objected to this, that in 
order to render the analogy perfect, it would be 
neceſſary that the friction of every body ſhould 1 
produce electricity, which appears contrary to = | 
experience, as metals and other conducting LE 
ſubſtances do not become electrical, but by | 
the contact of electric bodies, and that the i ji 
immediate friction of theſe ſubſtances will not I 
render them electrical. || 
To this it may be anſwered, that when an 19 
electric body is excited by friction againſt A | 1 
non: electric, that the laſt, if it is inſulated, 1 
| 


gives as ſtrong ſigns of electricity as thoſe 
of the den itſelf. This electricity is not 
com- 

Memoirs de l' Academie de Berlin, ſor 1779. 
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communicated by the electric, ſince it is of 
an oppoſite kind: negative, if the electric is 
poſitive; and the contrar. 

This obſervation proves, not only that the 
conducting bodies become electrical by friction, 
as well as electric bodies, but alſo, that to pro- 
duce electricity it is neceſſary that the equili- 
brium between the electricity of the rubbing 
bodies ſhould be deſtroyed; if each ſubſtance 
is equally adapted to teceive and tranſmir 
the electrical fluid, it is clear, that the equili- 
brium of the fluid between them cannot be de- 
ſtroyed ; becauſe, that at the inſtant one re- 
ceives from the other any given quantity, it 
will, by its elaſticity, be again divided between 
them: we may therefore conclude, ' 

1. That the electricity produced by the fric- 
tion of two bodies.is greater, in proportion to 
the increaſe of the difference between the 
conducting power of thoſe bodies. 

2. That where two bodies are equally adapted 
to receive and tranſmit the electric fluid, they 
give no fign of electricity; not becauſe they 
cannot become electrified by friction, but be- 
cauſe tHe electricity, which is diſturbed by the 
friction, is at the ſame inſtant reſtored, on ac- 
count of the facility with which it penetrates 


each ſubſtance. For reaſon nearly fimilar, 
i 7 clec# 
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electries, when rubbed together, do not Wee 
electrified. 

It ſeems therefore, that we ER conckide 
from this theory, which is founded on fact, that 
in all caſes, and whatever is the nature of the 
ſubſtance, the friction always produces eleo- 
tricity ; and when the effect is not ſenſible, it 
is only becauſe nee is loſt as ſoon as pro- 
duced. 

That there are no ſubſtances, 42 are e rubbed 
againſt a body, which tranſmit the electric fluid 


with greater or leſs difficulty, But what give 


ſigns of electricity: that metals are as elec- 
trical by themſelves as glaſs and wax. 


That as friction always, and in all caſes, pro- 
duces electricity, there is a perfect analogy be- 


tween the production of heat and electricity. 


The Held. which are produced by dlefriciy „ are 
Similar to thoſe produced by heat. 


Heat dilates all bodies. 'The afibel of the 


electric fluid on the thermometer ſhews its 
dilating power alſo; and if we do not generally 


perceive it, it is becauſe the force with which 
bodies cohere together exceeds the dilating 


power of electricity. 
Heat promotes and accelerates vegetation as 


well-as germination : Electricity, whether po- 


poſitive or negative, does the ſame. 


Electricity, 
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Electricity, as n as heat, accelerates evi” 
poration. 

Heat and electricity accelerate the motion 
of the blood: Leaft fear, conftraint, or the 
attention to the experiment, might accelerate 
the pulſe and this be attributed to electricity, 
Mx. Achard made the experiment on a dog 
when a ſleep, and always found, that the num- 
ber of pulſations was increaſed when the ani- 
mal was electrified. 

The experiment made by Me. Adtard on the 
eggs of a hen; and by others on the eggs of 
moths, prove that electricity, as well as heat, 
favour the developement of thoſe animals. THe 
clectric fluid, in common with fire, will throw 
metals into fufion. 

If ſubſtances, with unequal degrees of heat, 
touch each other, the heat is diffuſed uniformly 
between them. In the fame manner, if two 
bodies with unequal degrees or different kinds 
of electricity, touch each other, an equilibrium 
will be eſtabliſhed. 


There is an exat? analogy between the faculty 
with which bodies condult the elefric fluid and re- 
cerve beat. 


If bodies of different kinds, and of equal de- 
grees of hear, are placed in a medium of a dif- 
ferent temperature, they will all acquire, at the 

* end - 
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? end of a certain time, the fame degree of beat. 
There is a conſiderable difference, however, in 
the ſpace of time in which they acquire the 
temperature of the medium, ex. gr. metals 
take leſs time than glifs, to cen or 1 8 
an equal degree of heat. 
On an attentive exathindtion bf the bodies 
which receive and loſe their heat ſooneſt, when 
they are placed in mediums of different tempe- 
ratufe, they will be found to be the ſame which 
receive and loſe theit electticity with the 
greateſt facility. Metals, which become warm 
or grow cool the quickeſt, ate the ſubſtances 
which receive aud paft with cheir electricity 
ſooneſt. Wood, which requires more time to 
be heated or cooled, receives and loſes electri- 
city flower than nietals. Laſtly, glaſs arid tes 
finous ſubſtances, which receive and loſe 
flowly the electric fluid, acquire with difficulty 
the temperature of the tnediutn nn ſur- 
rounds them. | 
If one extremity of an iron rod is heed | 
red-hot; the other extremity, though the bar 
is ſeveral feet long, will become ſo warm in a 
little time that the hand cannot hold it; be- 
cauſe the iron conducts heat teadily ; though a 
tube of glaſs, only a few inches long, may be 
held in the hand, even while the other end is 
melting. The electric fluid, in the ſame mans 
? * ner; 
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ver, 1 with great velocity from one end 
of a rod of iron to the other; but it is a 
confiderable time before a tube of glaſs, at one 
end of which an excited electric is held, will 
give electric figns at the other. 
Theſe obſervations prove, that ſeveral bodies 
that receive and loſe with difficulty their ac- 
tual degree of heat, receive and loſe alſo 
with difficulty their electricity. To determine 
if this law is general, and what ate the excep- 
tions to it, will require à variety of experi- 
ments. 
= we ſuppoſe two ſubſtatices, one of which 
is electriſied, but the other not, that the firſt 
Ru known degree of electricity, and that the 
laſt in touching it, deprives it of a given de- 
gree of electricity; this loſs of a part of its 
electricity, determines the facility with which 
the body that touches it receives the electrie 
fluid. Beſides the figure and volume of this 
ſubſtance, the time the two bodies remain in 
contact, will alter the quantity taken from 
the electriſied ſubſtance ; ſo that all other N 
circumſtances being the ſame, the property of 
bodies to deprive other bodies of their elec- 
tricity, or, in other words, to conduct the elee- 
tric fluid, is, in the inverſe ratio of the time, 
neceſſary to make them loſe an equal degree 
of electricity. 


The 
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The inſtrument which is repreſented fig. 94, 
bs conſtructed on | theſe principles; and with it 
the quantity of. electrieity that ne body loſes 
in a given time, when touched by another, may 
be accurately aſcertainsd AB is à very ſen- 
fible balance, at the extremity of each arm two 
very light balls of copper are affixed; CFD 
a divided ſemicircle, which is faſtened'to the 
cock which ſupports the axis of the balance; 
the degrees may be pointed out by a rieedle, or 
by the arms of the balance; the cock is fixed 
to a braſs cap, which is cemented on the glaſs 
pillar GG, which is fixed to the board RST 
this pillar ſhould be at leaſt 28 inches high; 

U is a Leyden bottle; to the wite Z Z, which 


| communicates with its - infide coating, three 
FP horizontal wires, VZ, XZ, and Z V, are fixed; 
5 che ends of theſe wires are furniſhed with hol⸗- | | 
| low braſs balls; the bottle U is ſo fixed to the 1 
, board, that when the beam is horizontal; the | 1 
1 ball B touches exactly the ball V. as is 9 | i j 
bh ſented in the figure: | | N 
1 KN js a metal lever, which turns [otra | 
f axis at I, ſo as to move freely in a vertical =_— | 
. plane, which ſhould coincide with the bar VX; 14 
the lever K N is ſupported by a wooden pillar _— | 
, IH, which is fixed to the board QR'S T; at 1 
© the end K of the lever is a ſcrew, to hold the 38 
| lubſtance on which the experiment is to be made: 11 
ie N Es of © | the * 
| . 14 
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dhe upper end of this ſubſtance mould be turn⸗ 


ed into a convex form. A thread N O is tied 
to the end N of the lever; at O is a ſmall 


hook, on which a ball P is to be ſuſpended; 


The diſtance of the pillar I H, from the bottle 
is to be fo adjuſted, that when the end N is 


lowered, the body L may touch in one point 


the ball X, the proportion between the weight 


of the arms of the lever, the weight P and the 


body L, and the length of the pillar I H to 
the thread NO, is to be ſuch, that when the 
ſubſtance L. touches the ball X, at the ſame 


moment. the ball P will touch the board 
QRST, and be diſengaged from the thread 


NO; the ſubſtance L will alſo at the ſame 
inſtant quit the ball X. 


To uſe this inſtrument, connect the bottle 


U with the prime conductor by the ball V, 


and form a communication by a wire from 


V to the cap G; charge the bottle; and the 
ball V will repell the ball B, the angle of re- 


abſorb a quantity of electricity proportionable 


pulſion will be marked by the needle E Fi 
Suppoſe this to be 20 degrees, and let L be 
brought, as before deſcribed, to touch X, it will 


to its conducting power, and the ball B will 


* 


fall in proportion to the quantity abſorbed, and 
the difference will be ſeen on che ſemicirclez 


Let the diflerence be five degrees; repeat the 


experiment, 
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experiment, only ſubſtituting ſome ather ſub - 
tance in the place of the body E; ſuppoſe that 
with this ſubſtance the diminutian of the angle 
is 8 degrees, then is the conducting power of 
theſe two ſubſtances in the proportion of 5 to 8. 
Fig. 98 repreſents an apparatus, to ſet a 
wire on fire by the electric exploſion in dephlogi- 
ſticated air. I am obliged to defer the deſcrip- 
tion and uſe of it to ſome. future opportunity, 
as I have not had any time ta try its ſuc- 
cels, | = 
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ADVERTISEMENT, 


Tr IS ſmall Eſſay is publiſhed to illuſtrate 
and exemplify fome uſes of a Mapnetical 
Apparatus, conſtructed in order to exhibit 
the general phanomena of Magnetiſm. It 
is extracted from a larger work, which is 
laid aſide for the preſent, as it is probable 
the public ill, ſoony be favoured with a 
treatiſe on this bude by Mr. CAVALLO. 


y Pra Oh VERY As j " e * N 1 — 838 1 
y een N e TY Li er * * I 
FL 


” 
LET 


AHOUGH RE e bogen of the mag- 
net have, for many ages, engaged the at- 
tention of natural philoſophers, not only by 
their ſingularity and importance, but alſo by 
the obſeurity in which they are involved; yet 
very few additions have been made to the diſ- 
coveries of the firſt enquirers upon the ſubject. 
The powers of genius which have been hither- 
to employed in proſecuting this ſubject, have 
not been able to frame an hypotheſis, that will 
account, in an eaſy and ſatisfactory manner, for 
all 1585 various properties oF the magnet, or 


i * Point 


% 
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| point out the Gaks of te chain which. ix I 
1 with the other phœnomena of the univerſe. 
It is known by the works of Plato and Ari - 
ſtotle, that the antients were acquainted with 
the attractive and repulſive powers of the mag - 
net; but it does nor appear, that they knew of 
its pointing to the pole, or the uſe of the com- 
paſs, As they were not acquainted with the 
true method of philoſophifing, and contented 
themſelves with obſervation alone, their know, 
ledge of nature was confined within very narrow 
limits, and did not afford any confiderable ad- 
vantage to ſociety, Modern philgſophers, by 
combining; experiment with pbfervatiqn, ſoon. 
extended the boundaries of ſcience, and dif. 
covered the polarity of the loadſtone, a proper-. 
ty which ina manner conſlifutes the baſis of na» 
vigation, and gives being to commerce, 

The loadſtone, or natural magnet, 19 an iron 
ore or ferruginous done, found in the bowels 
of the earth, generally in iron mines; af all 
forms and fizes, and of various colours, | | 

Loadſtones are in general very hard and brite: 
tle, and for the moſt part more vigorous in 
proportion to their degree of hardneſs. Con- 

ſiderable portions of iron may be extracted 
from them. Newman ſays, that they are als 
moſt totally ſoluble in ſpirit of nitre, and par- 
tially in the vitriolic and marine acids. 

Artificial magnets, which are made of ſteel, 

are now generally uſed in preference to the na- 


tural 
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rural magnet; not only as they may be pro- 

cured with greater eaſe, but becauſe they are 

far ſuperior to the natural magnet in ſtrength, 

and communicate the magnetig virtue more 

3 and may be varied in their form 
more eaſily. 

The power poſſeſſed by the loaditone, which 
is alſo communicable to iron and ſteel, is called 
Magnetiſm, 

A rod, or bar, of iron or Neel, to which 2 
permanent potarity has been communicated, is 
called a Magnet. 

The points in a magnet which ſeem to poſſeſs 
the greateſt power, or in which the virtue ſeems 
to be concentrated, are termed the Poles of a 
magnet. 

The Magnetical Meridian is a vertical circle 
in. the heavens, which interſects the horizon in 
the points to which the magnetical mol, m_ 
at reſt, is directed. 

The Axis of a 1 5 a right line, which 
paſſes from one pole to the other. 

The Equator of a magnet is a line perpen- 
dicular to the axis of the magnet, and exactly 


between the two poles, - 
The diſtingyiſhing and charkerific proper- 
ties of a magnet, ate, = 1 


Firſt, Its attractive and teblieer powers. 5 
' Secondly, The force by which it places it- 
ſelf, when ſuſpended freely, in a certain direc. 


tion towards the poles of the earth. we 1 
irdly, 


Thirdly, Its dip or ie nde py | 


below the horizon. 


Fourthly, The property which 3 it pollcſſe of 
communicating the © toregoing Paſo to iron ar 


F 
ſicel, Nis! „ Dean LIT WAG 


An HYPOTHESIS. 


Mr. Euler ſuppoſes, that the. two principal 
cauſes which concur in producing 5 wonder- 


ful properties of a magnet are, firſt, a particu» 


lar ſtructure of the internal pores of the magnet, 
and of magyetical bodies; and, ſecondly, an ex: 
ternal agent or fluid, which acts upon and paſſes 
through theſe pores. This fluid he ſuppoſes to 
be the ſolar atmoſphere, or that ſubtil matter 


called cther, which fills our ſyſtem, 


Indeed, moſt writers on the ſubject agree in 
ee that there are corpulcles of a pecu- 
har form and energy,. which continually CIICU+ 
late around and through a magnet ; and that 2 


vortex of the ſame kind e around and 


through the earth, | 

A magnet, befides the. pores which it fas 
in common - with other bodies, has alſo other 
pores conſiderably ſmaller, deſtined only for 


the paſſage of the magnetic fluid. Theſe pores 


are ſo diſpoſed as to communicate one with the 
other, forming tubes or channels, by which 
the Ee ud paſſes from one end to the 

other, 
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dther. The pores are ſo formed that this fluid 
dan only paſs through them in one direction, 
but cannot return back the ſame way; ſimilat 
to the yeins and lymphatic veſſels of the animal 
body, which are furniſhed with valves for this 
- Purpoſe: So that the pores of the magnet may 
be conceived to be formed into ſeveral narrow 


contiguous tubes, parallel to each other, as at 
AB, fig. 99, through which the finer parts of 


the ether paſſes freely from A to B, but cannot 
feturn back on account of the reſiſtance it meets 


with at a, a, 5, B, nor overcome the reſiſtance of - 


the groſſer ether, which occaſions and continues 
the motion. For ſuppoſing the pole A of a 
magnet, filled with ſeveral 'mouths or open 
ends of fimilar tubes, the magnetic fluid, 
prefſed by the groſſer parts of the ether, will 
paſs towards B with an inconceivable rapidity, 
which is proportionable to the elaſticity of the 
ether itſelf ; this matter which, till it arrives at 
B, is ſeparated by the tubes from the more 
groſs parts, then meets with it again, and has 
its velocity retarded, and its direction changed; 
the ſtream, reflected by the ether, with which 
it cannot immediately mix, is bent on both 
ſides towards C and D, and deſcribes, but with 


leſs velocity, the curves DE and C Fe, and 


approaching by the curves d and c, falls in 
with the affluent matter m m, and again enters 
the W and thus Torre that remarkable 


atmo- 


ue IT 


2 
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atmoſphere which is viſible in the arrangemeiit 
bf ſteel filings on a picee of-paper 285 is 2 e 
over a magnet: | 


er ie Ade) db d de Aru 1 

approach each other, and attach themſelves toge: 

ther, and that with ſuch force, as often to require 
& conſiderable weight to ſeparate them. 


Theſe curious phœnomena may be illuſtrated 
by either of the magnets contained in the ap- 
paratus, as they will lift greater or ſmaller 
weights in Proportion to their ſtrengtb. 

Place a piece of iron on a cork, and put the 
cork into water, the piece of iron will be at- 
tracted by, and follow, a magnet, in a pleaſing 

manner. 

On this principle many ingenious and enter- 
taining pieces of mechaniſm have been contri- 
ved. Small ſwans ſwimming in the water 
have been made to point out the time of the 
day, &c . | 

Place a magnet upon 0 one of the braſs ſtands, 
and preſent one end of a ſmall needle towards 
it, holding the other end by a piece of thread, 
to prevent the needle fixing itſelf to the bar, 
and the needle will be WIPES, ſuſpended in 
the air. 

Suſpend a magnet under the ſcale of a ba- 
lance, and counterpoiſe it by weights in the 


other ſcale, then ent a piece of iron towards 
the 
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the magnet, it will immediately deſcend, and, 
if the iron is not placed at too great a diſtance, 
will adhere to it: now ſuſpend the iron under 


| the ſcale inſtead of the magnet, then bring che 


latter towards it, and the iron will be and 
adhere e 4 ads ard 4005 


The mer or ne of 4 get mey & 
communicated 10 iron and ſteel. | 


To give a detail of the vatious proceſſes 
which have been ſuggeſted, for the touching 
or communicating the properties of the mag- 
net to iron or ſteel, would alone fill a volume. 
I ſhall therefore only give an account of two 
general and good methods which I preſume 
will be found adequate to every common pur- 
poſe. fo LE 32.400 KI 
1. Place two magnetic bars AB ſig. roo, inaline, 
with the north or marked end of one, oppoſed to 
the ſouth or unmarked end of the other, but at 
ſuch a diſtance from each other, that the mag- 
net to be touched may reſt with its marked end 
on the unmarked end of A, and its unmarked 
end on the marked end of B, then apply the 
north end of the magnet D and the ſouth end 
of E to the middle of the bar C, the oppoſite 
ends being elevated as in the figure; draw D 
and E aſunder along the bar C, one towards A, 
the other towards B. preſerving the ſame ele- 


„ | | b vation, 
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vation, remove D and C a foot or two from the 
bar when they are off the ends, then bring the 
north and ſouth poles of theſe magnets together 
and apply them again to the middle of the bar 
C as before; repeat the ſame proceſs five or fix 
times, then turn the bar, and touch the oppo- 
fite ſurface in the ſame manner, and afterwards 
the two remaining ſurfaces, and by this means 
the bar will acquire a ſtrong fixed mag: 
netiſm. 0 
2᷑. Place the two bars which are to be touched 
parallel to each other, and then unite the ends 
by two pieces of ſoft iron called ſupporters, iti 
order to preſerve, during the operation, the cir- 
culation of the magnetic matter; the bats are 
to be placed ſo that the marked end B, fig. 101, 
may be oppoſite the unmarked end D, then place 
the two attracting poles G and I on the middle of 
one of the bars to be touched, raifing the ends 
ſo that the bars may form an obtuſe angle of 100 
or 120 degrees; the ends G and I of the bars 
are to be ſeparated two or three tetiths of an 
inch from each other. Keeping the bars in this 
poſition; move them ſlowly over the bar A B, 
from one end to the other, going from end to 
end about fifteen times. Having done this, 
change the poles of the bars,“ and repeat the 
ſame operation on the bar CD, and then on the 


E 


. bat is ha nba end of one is N to be againſt the 
| anmarked end of the others 
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oppoſite: faces of the bars; the touch, thus 
communicated, may be farther increaſed, by 
rubbing the different faces of the bars with 
ſets of N bars eee as m fig. 
102. 

It ſeems; that in rider to genden Reel magne- 
tical, we muſt ſo diſpoſe the - pores that they - 
may form contiguous tubes parallel to each 
other, capable of receiving the magnetic fluid, 
and then propagating and perpetuating its mo- 
tion, ſo that the magnetic ſtream may enter 
with eaſe; and be made to circulate- through 
it with the greateſt force: to this end, it is ne- 
ceſſary to be particularly attentive in the choice 
of the ſteel which is to be touched; the grain 


ſhould be equal, ſmall, homogenous, and with- 


out knots, that it may preſent a number of 
equal and uninterrupted channels to the fluid, 
from one end to the other: this is more imme- 
diately important in the choice of the ſteel for 
the needles of ſea compaſſes, for, if the ſteel 
is impure, or the mode of touching improper, 
the needle may have different poles communi- 
cated to it, which will more or leſs impede the 
action of the principal needle according to their 
ſtrength and ſituation. 
The ſteel ſhould be well tempered, that the 
. pores may preſerve for a long time the diſpoſi- 
tion they have received, and better reſiſt thoſe 
changes in their direction, to which iron and 
ſoft ſteel are liable. The difference in the na- 
2 | ture 
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ture of ſteel is exceeding great, as is eaſily 
proved by touching in the ſame manner, and 
with the ſame bars, two pieces of ſteel of 
equal ſize, but of different kind. 

Steel that is hardened, receives a more per- 
manent magnetiſm than ſoft ſteel, tho' it does 
not appear that they differ from each other in any 
thing but the arrangement of the parts; per- 
haps the ſoft ſteel contains phlogiſton in its 


| largeſt pores, while hardened ſteel contains it 


in the ſmaller. Iron, or ſteel, have very little 
air incorporated in their pores; when they are 
ſeparated. from the ore, they are expoſed to a 
moſt intenſe degree of heat, and moſt of the 
changes to which they are afterwards ſubmit- 
ted, are effected in a red hot ſtate. A piece of 
ſpring-tempered ſteel will not retain as much 
magnetiſm as hard ſteel, ſoft ſteel ſtill leſs, and 
iron ſcarce retains any. From ſome experi- 
ments of Mr. Muſſchenbroek, it appears, that 
when iron is united with an acid, it will not 
become magnetical; but if the acid is ſeparated, 
and the phlogiſton reſtored, it will become as 
magnetical as ever. 

The dimenſions and ſhape of a magnet will 
make a difference in its force, therefore, the 
bars to be touched, ſhould neither be too long 
nor too ſhort, but in proportion to their thick- 
neſs; if they are too long, the paſſage of the 
magnetic matter coming out of one pole, and 

| Proceed- 


proceeding round the magnet to enter the other, 


will be impeded, and its velocity leſſened. If 
they are too ſhort, the fluid which comes out 
from one pole, will be repelled and thrown 


back by the other acting parts of the magnet, 


and thus be carried too far from the pole into 
which it ought to enter, and prevent the conti- 
hued circulation of the magnetic matter. If 
they are too thin, then the number of pores are 
too few to receive a ſtream ſufficiently ſtrong to 
refiſt the obſtacles in the external ſpace 3 while, 
if they are too thick; the ſtrait and regular di- 
rection of the channel is injured by the diffi- 
culty which takes place in the arrangement of 
the interior channels, as the magnetic matter has 
not ſuthcient force to penetrate the ſteel to any 
conſiderable depth, and thus i injures the circu- 
lation of the fluid. 

All the pieces ſhould be well poliſhed; J it is 
of the greateſt importance that the ends ſhould 


be flat and true; ſo as to touch, in as many 


points as is poſſible, the ends of ſoft iron which 
keep up the circulation. Inequalities on the 
faces, but principally near the poles, are to be 
avoided, as theſe occafion irregularities in the 
circulation, and thus diminiſh its velocity, 
which 1s one of the principal ſources of mag- 
netic power. 

While the bars are touching, the ends of ſoft 
iron ſhould be kept in conſtant contact with 
the bars, for a momentary ſeparation is ſufficient 
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to deſtroy the effect of the operation, as the fluid 


will be inſtantly diſperſed in the air. 


The operator ought not to ſtop longer on the 
firſt bar than is neceſſary to open the pores, and 
to arrange them magnetically, paſſing imme- 
diately to the other, to form an opening for 
the fluid which iſſues from the firſt, 

It is moſt advantageous to turn the bar that is 
quitted, while the touching magnets are placed 
on the other; by this means, the ſtream. that is 
tobe excited will diſpoſe the channels of the firſt, 


and thus render the operation more efficacious z 
beſides, by only turning one bar at a time, the 


touching bars need never be totally removed 


during the whole operation, acircumſtance which 


will contribute to the ſtrength of the magnet. 
The touching bars ſhould never be ſeparated 


| but at the equator of the magnet ; and their mo- 


tion over the others, ſhould be ſlow and regular. 

The magnetic power of touched needles has 
been encreaſed by leaving them for ſome time in 
linſeed oil. | 

It may contribute to the effects of the ope- 
ration if the bars A and B, fig. 100, are placed 
in the direction of the magnetic meridian, and 
are inclined to the horizon in an angle equal 
to the dip of the needle. ; 

The fixed power, thus communicated to a 


magnet, is impaired if it is laid amongſt iron, 


os by ruſt; it may be injured alſo by fire, as 

each of theſe circumſtances will change, or 

confuſe the direction of the magnetic ſtream. 
Place 
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Place a ſmall magnetic needle on the pivot of 
ane of the ſmall ſtands, and put it between two 
magnetic bars, ſo that the north end of the bar 
may be near the ſouth end af the needle ;* the 
{mall needle will, without any apparent cauſe, 
be thrown into a violent vibratory motion, and 
ſeem as it were animated, till it"is ſaturated with 
magnetiſm, when it will become quieſcent. 
The vibratory motion is probably occaſioned hy 
the irregularity of the impreſſions it receives 
from the magnetic fluid, and the difficulty that 
fluid finds in entering the needle. 

All cauſes, that are capable of making the 
magnetic fluid move in a ſtream, will produce 
magnetiſm in thoſe bodies which are properly 
qualified to receive it. 

If bars of iron are heated, and then cooled 
equally, in various directions, as parallel, per- 
pendicular, or inclined to the dipping needle, 
the polarity will be fixed according to their po- 
ſition, ſtrongeſt when they are parallel to the 
dipping needle, and ſo leſs by degrees, till they 
are perpendicular to it, when they will 
have no fixed polarity; but if upon cooling a 
bar of iron in water, the under end is conſider- 
ably hotter than the upper, and the upper end 
is cooled firſt, it will ſometimes become the 
north pole, but not always. If iron, or ſteel, 
undergo a violent attrition in any one particu- 
lar part, they will acquire a polarity ; if the 
iron is ſoft, the magnetiſm remains very little 
longer than while the heat continues. Light- 
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ening is the ſtrongeſt power yet known in pro- 


ducing a ſtream of magnetiſm; it will, in an 


inſtant, render hardened ſtęel ſtrongly magne- 


xical, and invert the poles of a magnetic needle. 


To make a magnetical bar with ſeveral 
poles, place magnets at thoſe parts where the 
poles are intended to be, the poles to be of a 
contrary name to thoſe required, and if a ſouth 
pole is fixed on one part, the two next places 
muſt have north poles ſet againſt them; con- 
fider each piece between the ſupporters as a 
Fparate magnet, and touch it accordingly. 


There are certain points in a magnet in which its 
virtues ſeem as it were concentrated. 


* 


7 
Let a magnet be placed on one of the braſs 


ſtands contained in the apparatus, and then 


try what number of iron balls it will ſuſtain at 
different parts; it will be found to ſupport moſt 
near the ends, evincing that the magnetic 
power is exerted there with the greateſt force. 

Place the ſmall braſs weight, which is in the 
box, on the north end of the ſmall dipping 
needle, and then preſent the ſouth end of a 
magnet to the end of the arch, this will repel 
the end of. the needle to a certain degree ; then 


move the magnet progreſſively forwards, and 


the needle will fall down gradually till it comes 


to zero. If the magnet is moved farther, the 
index will be attracted towards it. 


1 
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To find the Poles of a Magnet. 


Let a magnet be placed under one of thoſe 
panes of glaſs which are contained in the bot- 
tom of the box; ſift ſome ſteel filings on this 
glaſs, and then ſtrike it gently with a key, in 
order to throw the glaſs into a vibratory mo- 
tion; this will diſengage the filings, and they 
will ſoon be arranged in a pleaſing manner: 
thoſe parts of the magnet from which the 
curves ſeem to take their riſe, and over which' 
the filings ſeem to be almoſt erect, are the 
poles of the magnet, 

In this, as well as many other magnetical expe- 
riments, a mechapical force is evidently exerted, | 
detaching the particles of iron from one ſitua- 
tion, removing them to another, and then retain» 
ing them there with confiderable force. 

The poles of a magnet may be aſcertained 
with greater accuracy by means of the ſmall 
dipping needle; place this on a magnet, and 
move it backwards and forwards till the needle 
is perpendicular to the magnet, it will then 
point directly to one of the poles; when it is 
between the north and ſouth poles, ſo that their 
mutual actions balance each other, the center 
of the needle will ſtand over what is called the 
equator of the magnet, and the needle will be 
exactly parallel to the bar, If it is then removed 
> T8 < | to- 
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towards either pole, it will be differently in- 
clined according to its diſtance from the poles, 
Hold a common ſmall ſewing needle (with 
ſome thread in its eye) near a magnet for a few 
ſeconds, then bring it gradually towards the 
middle of a magnetic bar, and the powers of 
the magnet will ſo far counteract the force of 
gravity as to keep it ſuſpended in the air, in a 
poſition which is nearly parallel to that of the 


| magnet. 


There is no magnetical attraction without 
polarity; it is conſequently abſurd to ſuppoſe, 
that a magnet may have a ſtrong attractive 
power, but a weak polarity, or directive 


Let an iron rod be eralã y balanced and ſuſ- 


pended on a point, ſo as to revolve in a plane pa- 


rallel to the horizon ; communicate the magnetic 
wirtue to this rod, and one extremity will be al- 
ways directed towards the north. 


Place any of the untouched needles in the 


apparatus on a point, and it may be fixed, or 
will remain in any required ſituation; commu- 


nicate the magnetic virtue to it, and it will no 


longer be indifferent as to its fituation ; but will 
fix upon one, in preference to any other, one end 


pointing towards the north, * other towards 
the ſouth. fa. 


0 


It 
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It is not improbable, that in ſome future pe- 
riod, it may be diſcovered, that moſt bodies 


are poſſeſſed of a polarity, and will aſſume di- | 


rections relative to the various affinities of the 
elements of which they are compounded. 

The directive power of a touched needle is 
of the greateſt importance to mankind, as it en- 
ables the mariner to traverſe the ocean, and thus 
unite the arts, manufactures, and knowledge of 
diſtant countries, together. The ſurveyor, the 
miner, and the aſtronomer, derive many ad- 
vantages from this wonderful property. 

The mariner's compaſs conſiſts of three p parts 
the box, the card or fly, and the needle. 

The card is a circle of {tiff paper repreſent- 
ing the horizon, with the points of the compaſs 


marked on it ; the magnetical needle is fixed to 


the under fide of this card ; the center of the 
needle is perforated, anda cap,witha conical agate 
at its top, is fixed in this perforation; this cap is 
hung on a ſteel pin, which is fixed to the bot- 
tom of the box ; the box has a cover of glaſs, 
and is mounted on jimbals, At ſome future 
period, I mean to treat of the various modes 
that have been adopted in conſtructing ſea com- 
paſſes, and of their various faults and excel- 
lencies. | £2: 
It is. by no means clearly decided who was 
the original inventor of the mariner's compaſs ; 
by ſome it is attributed to Flavio Gioa, of A- 
_palfi, in Campania who lived about the be- 
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ginning of the 14th century 3 ſome ſay it came 
from the Eaſt ; others that i it was known even 
' earhier in Europe. | 

The contrary poles of two magnets attract 
each other. 

The north poles of two magnets,when brought 
contiguous, repel each other, The ſouth poles 
alſo, when brought near, repel each other. 

_ Theſe phenomena are eafily illuſtrated by a 
variety of pleaſing experiments. 

Suſpend on a point a touched needle, then 
preſent towards its north pole the ſouth pole of 
z magnet, and it will be attracted by, and fly 
towards it; preſent the other pole of the mag- 
net, and the needle will fly from it. 

Fix two needles horizontally in two, pieces of 
cork, and put them in water.; if the poles of the 
fame name are placed together, they will mu- 
tually repel each other, If the poles of a con- 
trary denomination are turned towards each 
other, they will be attracted and join. | 

Dip the north or ſouth ends of twa magnets. 
in ſteel filings, which will hang in cluſters from 
the end of the bars; bring the ends of che bars 
towards each other, and the ſteel filings on one 
bar, will recede from thoſe on the other. Dip. 
the ſouth pole of one magnet, and the north 
pole of the other, into ſteel filings, then let the 
ends be brought near to each other, and the 
tufts of filings will unite, OY ſmall circu- 
lar arches. 


Place 
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Place the cylindric magnet, which forms 
part of the apparatus, on a ſmooth horizontal 
plane, and bring the ſteel fiſh near and parallel 
to it, with its head towards the marked end of 
the magnet, and the round bar will roll from it ; 
turn the fiſh ſo that the tail may be towards the 
marked end, and the magnet will follow it. 


This curious property of the magnet was the 
foundation of the experiments that were ſhewn in 
London ſome years ſince by Comus, a great va- 
riety of them are deſcribed in Hooper's Ra- 
tional Recreation.” To explain the nature of 
theſe, a piece of braſs, filed into the ſhape of 
an heart, is included in the apparatus; a magnet 
is inſerted in this piece of metal; put the heart 
into its box, and place a compaſs over the box 
with the north point towards the middle of 
that part of the box where the cover ſlides 
out; obſerve the direction of the needle; then 
take out the metal, invert it, put it in its place 
again, and obſerve the direction of the needle; 
by keeping theſe obſervations in mind, you 
may readily diſcover which fide of the heart is 
uppermoſt, though put in unknown to you. 


The magnetic matter moves in a fiream from 
ane pole to the other, internally, and is then carried 
back in curved lines, externally, till it arrives © 


again at the pole, where it firſt entered, to be 118 

admitted. | 
Put one of the olaſs panes over a magnetical 
bar, ſift ſteel filings on the glals, then ſtrike 
| -the 
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the glaſs gently, and the filings will diſpoſe 
themſelves in ſuch manner as to repreſent, 
with great exactneſs, the courſe of the magne- 
tic matter. The curves by which it returns 
back to the pole, where it firſt entered, are alſo 
accurately expreſſed by the arrangement of the 
filings. The largeſt curves riſe from one polar 
farface, and extend to the other; they are larger 
in proportion as they riſe nearer the axis or 
center of the polar ſurface ; the curves which 
ar iſe from the fides of a magnetical body, are 
interior to thoſe which ariſe from the polar 
furfaces, and are ſmaller and ſmaller in pro- 
portion to their diſtance from the ends. That 
the magnetic matter does move back, in a di- 
rection contrary to that with which it paſſes 
through the magnetical body, is confirmed by 
its action on a ſmall compaſs needle, when pre- 
ſented to it at different places, See fig, 103, 

The greater the diſtance 15 between the poles 
of 2 magnet, the larger are the curves wine 
ariſe from the polar ſurface. 


T he immediate cauſe why two or more magne- 
tical bodies, attraff each other, is the paſſage 
of one and the ſame magnetical ſtream through 
them. i 


Let two magnets be placed at fore diftancs 
from each other, the ſouth pole of one oppoſed 
to the On pole of the 0 lay a pane of 
glaſs 
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glaſs over them, and ſprinkle it with ſteel 
filings, then ſtrike the pane gently with a key, 
and the filings will arrange themſelves in the 
direction of the magnetic virtue. The filings 
which lay between the two polar ſurfaces, and 
near the common axis, are diſpeſed in ſtrait 
lines going from the north pole of one, to the 
fouth pole of the other : the pores being now an 
the ſame direction, ſo that the fluid which paſſes 
thro' AB, fig. 104, finds the pores at the pole & 
open to receive them, it will therefore paſs 
through this, and coming out at þ will turn 
towards A, to continue its ſtream through the 
magnet, and thus form one atmoſphere or vor- 
tex, which preſſed, on all ſides, by the claſtie 
force of the other, carries the "magnets towards 
each other. At different diſtances from the 
axis the filings deſcribe regular curve lines, 
which run from one pole to the other, and di- 
verge from each other in. moving from the 
ſouth pole, till they come half way, they then 
converge more and more, till they arrive at the 
north pole. If the oppoſed poles are diſtant 
from each other, ſome; arches will paſs from 
one pole to the other of the ſame magnet; fewer 
. will be eee BY manner if they are 

brought nearer together, and more will proceed 
from one magnet to the other; the ſtream of 
the magnetic matter will ſeem more concen- 
Feated and abundant. 


While 
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While the magnets remain in the foregoing 
poſition, place a ſmall untouched bar or nee dle 
in the ftream of the magnetic virtue; this 
will paſs through it, and give it a polarity in 
the direction of the ftream. 

On the ſame principle, a large key, or other 
untouched piece of iron, will attract and ſup- 
port a ſmall piece of iron, while it is within the 

ſphere of action of the pole of a magnet, but 
will let them fail when it is out of the magne- 
tic ſtream: | 

A ball of ſoft iron in contact with a magnet, 

will attract a ſecond ball, and that a third, till 
the fiream becomes too weak to ſupport z 
greater weight. 

Put into motion one of che fall whirligigs 
with an 1ron axis, and then take it up by a 
magnet; it will preſerve its rotatory motion 

much longer than if it were left to whirl on 
the table ; a ſecond and a third whirligig may 
be fuſpended one under another, according to 
the ſtrength of the magnet, and yet continue in 
motion. | 
Place a We upon lab of the braſs 3 
with their poles of contrary names oppoſed to 
each other, and a pleaſing chain of iron balls 


may be ſuſpended between them. Preſent 
either pole of another magnet towards 7 
and they will fall down. 

If a large piece of iron is held at one pole of 


a magnet, it will encreaſe the attraction of the 
other 
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other pole, and enable it to lift more than i it 
. would eee do. 


Magnetic Repulfon ariſes from the accumula- 
tion of the magnetic fluid, and the 3 
formed to its entrance in the e 


If the two poles of the ſame name of two mag- 
nets are brought near to each other, and placed 
under a pane of glaſs, on which iron filings have 
been ſtrewed, the filings will be diſpoſed into 
curves, which ſeem to turn back from each other 
towards the oppofite pole: The fluid which pro- 
ceeds from B, fig. 103, meeting with refiſtance 
from the pores at D, is forced to turn back, and 
circulateround its own magnet, and thus form two 
atmoſpheres, which act againſt each other, in pro- 
portion to the force and quantity of the ſtream 
which paſſes through the magnets. 

Take a ſteel needle, with a very fine pointy 
and rub it from the eye to the point five or fix 
times with the north pole of a magnetic bar; the 
eye will be the north, and the point the ſouth 
pole of the needle; 

The attraction and repulſion of magnets is 
not hindered or encreaſed by the A Ka 
of any body whatever: 

Dip the point of the needle in ſteel filings, 
and it will take up a confiderable quantity. 
Take the magnetic bar- in one hand, and the 
needle with the filings 1 in the other, hold them 

. Pre 
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parallel to the horizon, with the point of the 
needle near the ſouth pole of the magnet, and 
the ſteel filings will fall from the point of the 
needle ; as ſoon as the filings drop off from the 


Point, withdraw it from the ſphere of action of 


the magnet, and the point will be fo far de: 
prived of its attractive quality, that it will 
not again attract the ſteel filings. If the needle 
is not taken away, but continues for a few mi- 
nutes about half an inch from the bar, the po- 
larity of the needle will be changed “. 
Fang a number of balls to each other, by ap- 
plying the firſt to the north pole of a magnet, 
preſent the ſouth pole of another magnet to one 
of the middle balls, and alt thofe below it will 
thereby be deprived of the magnetic fiream, 
and fall aſunder; the ball to which the 
magnet was applied will be attracted by it, and 
all the others will remain ſuſpended. If the 
north end of the magnet be preſented, then the 
ball, to which it is applied, will alſo drop. 

A ſingular fact is related by ſome ancient 
writers on magnetiſm. That if two loadſtones, 
a ſtronger and a weaker, have their repellent 
poles brought together, the weaker will have 
its power confuſed, and will not come to itſelf 
for ſome days; the polarity of the part, in con- 
tact, becomes inverted by the ſtronger power; 
but as that power reaches but a little way be- 

rok 
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yond, the Polar ſurface, the a: power, in 


the remaining part of the ſtone, is able, by its, 
contrary force, to reſtore the 18 part of 
the ſtone in a few days. 

It does not appear that chere i 18 any certain 
law of attraction peculiar to magnetifm ; for in 
different pairs of magnets, the hs will vary 
at different diſtances. - The magnetic attraction 
is not to be computed from the center of 
the magnets, but from a9 center of the 
pole. 

Tho” many experiments — been made to ail: 
cover, whether the force by which two magnets 
are repelled or attracted, acts only to a certain 
diſtance; whether the degrees of its action with- 
in; and at this diſtance, is uniform or variable, 
and in what proportion, to the diſtances it en- 
creaſes | or diminiſhes; yet we can only infer 
from them, that the magnetic power ex- 
tends further at ſome times, than it does at 
others, and that the ſphere of its action is 
variable. 

The ſmaller the loadftone or "Dy magnet is, 
the greater is its force, ceteris paribus, in 


| proportion to its ſize. Though when the 


axis of a magnet is ſhort, and of courſe its 
poles. very near, their action on each other 
weakens the magnetic force. A variety of other | 


cauſes will alſo occaſion great irregularity i in the 


attraction of magnetiſm. If one end of a magnet 


is di ed in ſteel filings, we ſhall find that they 
A a arc 
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are very ſeldom diſtributed with uniformity, buf 
diſpoſed in little tufts, ſome places more thick 
than others. The force of magnetic attrac- 
tion between the ſame magnets, and at the ſame 
diſtance, may be varied by turning the magnets 
on their axis, and making different parts of the 
polar ſurfaces regard each other. If a ſtrong 
magnet be applied to a weaker, a kind of re- 
pulſion ſeems to take place even between poles 
of the ſame name, but its force is . 
dy the attraction of the ſtronger. 

If a touched needle is placed near a magriet, | 
ats ditection to the magnetic meridian is ſuſ- 
pended, and it aſſumes a direction relative to its 
ſituation and diſtance from the poles of the 
magnet. Place a ſmall needle on the pointed 
end of one of the braſs ſtands, and then bring 
it near the magnet, the needle will direct itſelf 
differently, according to its diſtance from 
the poles of the magnet. Theſe relative 
fituations and tendencies are more pleaſingly 
obſerved by placing ſeveral touched needles 
round the bar at the ſame time. The motion of 
the ſmall dipping needle further illuſtrates this 
propoſition. From -the three laſt experiments 
various others of confiderable importance may 
be derived for accurately inveſtigating the 
curves, according to which the magnets act, 
and illuſtrating further ſome of the intricate 
branches of magnetiſm, © =, 


The 
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The northern magnetiſm is deſtroyed by the 
communication of the ſouthern, and vice verſa. 
Hence it is clear, that the two magnetic powers 
- counteract each other, and that if both be com- 
munieated to the ſame arm of a magnet, the 
magnetiſm acquired by the arm will be that 
of the ſtrongeſt, and as the difference berween 
the two powers. 

Two ſtrait magnets will not be weakened; if 
they are laid parallel to one another, with 
poles of the oppoſite denomination correſ- 
ponding to each other, the ends being con- 
nected together by pieces of iron, which 
will keep up and facilitate the circulation 
of the magnetic fluid through them; but they 
ſhould never be ſuffered to touch each other, 
except when they lie in the ſame direction, and 
with poles of contrary names. 


A ſingle ſtrait magnet ſhould be always kept 
with its ſouth pole towards the north, or downs 
wards in the northern magnetic hemiſphere, and 
dice verſa, in the ſouthern hemiſphere. * Iron 
ſhould never be lifted but by the ſouth pole of 
a ſtrait magnet in this hemiſphere of the world, 

Every kind of violent percuſſion weakens - 
the power of a magnet; a ſtrong magnet has 
been entirely deprived of its virtue by receiv- 
ing ſeveral ſmart ſtrokes of a hammer ; indeed, 
whatever deranges, or diſturbs the internal pores 
of a magnet, will injure its magnetic force, as 
the bending of touched iron, wires, ; cc. 

. A #-4- Fill 
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Fill a ſmall dry glaſs tube with iron filings, 
preſs them in rather cloſe, and then touch 


the tube as if it was a ſteel bar, and the tube 


will attract a light needle, &ci ſhake the tube 
ſo that the ſituation of the filings may be diſ- 
turbed, and the magnetic virtue will vaniſh. - 
But though a violent percuſſion will deſtroy a 
fixed magnetiſm, yet it will give polarity to an 
iron bar which had none before ; for a few ſmart 
ſtrokes of an hammer, on an iron bar, will give 


it a polarity, and by hitting, firſt one end of 


the bar, and then the other, while it 1s held in a 
vertical ſituation the poles may be changed. 


i Twiſt a long piece of iron wire backwards 


and forwards ſeveral times, then break it off at 


the twiſted part, and the broken end will be 
magnetical. 


If a magnet be cut through the axis, the ſeg- 
ments, which were joined before, will avoid 


and fly from each other: 


If a magnet is divided by a ſection -perpen- 
dicular to the axis, the parts which were joined 
before will have acquired contrary poles, one 


north, the other ſouth, thus generating a new 
magnet at every ſection 


From theſe, and ſimilar experiments, Mr. 
Ecles infers, that magnetiſm conſiſts of two 
different diſtinct powers, which in their natural 
ſtate are conjoined, and exert but little ſen - 
fible action, and ſtrongly attract each other at 
all times; but when they are ſeparated by force, 


they act like thoſe of electricity; for if mag- 


b 


netiſm 
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netiſm is excited in two different pieces of ſteel 
by the ſouth pole of a magnet, the ends repel 
each other ; but if one piece be excited by the 
north pole, and another by the ſouth, they will 
attract each other. He further ſuppoſes, that 
a magnet attracts, and is attracted, not entirely 
according to its own ſtrength, but according to 
the quantity of iron to be attracted; and that 
magnetiſm is a quality inherent in all iron, and 
of which it cannot be diveſted ; for fire, which 


will deſtroy a fixed magnetiſm, does not de- 


prive it of its natural quantity; on the contrary, 
it will give it a polarity, or fixed magnetiſm, 
according to the manner of heating or coofing 
the iron. | 

In an unarmed magnet, the magnetic ſtream 
is carried back, on all fides, in curved lines to 
the contrary poles ; but when armour, or plates 
of iron, are applied to each pole, the direction 


of the magnetic fluid is changed, and it is con- 


ducted, united, and condenſed, at the feet of 


the armour; ſo that if the feet are connected by 
another piece of iron, which is called a lifter, 
the ſtream proceeding from one pole is carried 


hy the lifter to the other, which cauſes it to 
adhere with conſiderable force, A chain of 


balls may be formed between the two feet in- 


ſtead of a lifter, | 
Place. the armed magnet under a glaſs plane, 
ſtrewed over with ſtcel filings, and theſe will be 


Aa 3 arranged 
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arranged in curves which go rol one foot to 
the other. 

The armour ſhould be formed of ſoft homo- 
genous iron, welt fitted to the ends of the mag - 
nets; it ſhould alſo be thicker, in propor- 
tion as the diſtance of the poles from each 
other encreaſes. | 

Mr. Savery has adduced ſeveral inſtances to 
ſhew the force and action of the earth's mag- 
netiſm ; among others, that it will ſupport ſmall 
pieces of iron, He hung up a bar of iron, about , 
five feet long, by a loop of ſmall cord, at the 
upper end, and then carefully wiped the lower 
end, and the point of a nail, that there might 
be no duſt or moiſture to prevent a good con- 
tact ;- then holding the nail under the bar, with 
its point upward, he kept it cloſe to the bar, 
holding only ane finger under its bead for the 
ſpace of thirty or more ſeconds, then withdraw- 
ing his finger gently downwards that the nail 

might not vibrate ; if it fell off, he wiped the 
point as before, and tried ſome other part of 
the plane at the bottom of the bar. If the ends 
are fimilar, and the bar has no permanent vir 
tue, it is indifferent which end is downwards; 
if it has an imperfect degree of polarity, one 
end will anſwer hetter than the other, 

The upper end A of a long iron rod, which 
has no fixed polarity, will attract the north end 
of a magnetic needle; the under end B repels the 
north end of the needle; invert the iron bar, 
and the end B, which is now the upper one, 

| will 


5 
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will attract the north pole of the needle that it 
repelled before; the caſe is the ſame, if the bar 
is placed horizontally in the magnetic meri- 
dian, the end towards the ſouth will be a north 
olg, 

Iron bars of windows, which have remained 
long in a vertical poſition, acquire a fixed po- 
larity. Mr. Lewenhoek mentions an iron croſs, 
which was ſuppoſed to have ſtood on the ſteeple. 
of a church, at Velft, about 200 years, which 
Had acquired a ſtrong fixed magnetiſm. 


The needle of « the mariner's compaſs, does not 
point exaiily to the north, but is obſerved to change 
its azimuth, pointing ſometimes towards the eaſt, 
and ſometimes to the weſt of the meridian. 


This deviation from the meridian is called 
the yariation of the needle, and is different at 
different parts of the world, being welt at ſome 
places, eaſt at others, and in parts where the 
variation is of the ſame name, its N is 
very different. 

Though the directive power of the compaſs 
was applied to the purpoſes of navigation in the 
fourteenth and fifteenth century, it does not 
Appear that there were any apprehenſions during 
that time of its pointing 9 than due 
north and ſouth. 

The variation of the compaſs is faid to have 
been firſt diſcovered by Columbus, in his voy- 


Aa 4 age, 


360 AN E SS AN 


age, the latter end of the fifteenth century, for 
the diſcovery of that part of the world which 
is now called the Weſt Indies. But the firſt 
perſon who diſcovered that it was real, and 
was the ſame to all needles in the ſame place, 
is generally allowed to be Sebaſtian Cabot. 
This was about the year 149 70 

After the variation was diſcovered by Cabot, 
it was thought, for a long time, to be invariably 
the ſame, at the ſame places, in all ages ; but 
Mr. Gellibrand, about the year 1625, diſco- 
vered that it was different, at different times, 
in the ſame place. 

If a needle, which is accurately balanced, 
aud ſuſpended, ſo as to turn freely in a vertical 
plane, be rendered magnetical, the north pole 
will he depreſſed, and the ſouthypole elevated above 
the horizon ; this property, which is called the 
dip of the needle, was diſcovered by Robert 
Norman, about the year 7576. | 
It is clear, that the magnetic power exerts 
itſelf in two manners on a compals needle ; by 
one force it is directed towards the magnetic 
meridian ; by the other, i it forms an angle with 
the horizon. 

The poſition of a dipping needle, when-at 
reſt in the magnetical meridian, 1s called the 

magnetical OE as 

Various kinds of round magnets, termed Te- 
rellas, have been conſtructed with a view to 
foyeſtigate the PREBOEtia of the variation, 


and 
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and the dip of the needle, by obſerving the po- 
ſition of a compaſs at different parts of the Te-: 
ręlla, and comparing thelig poſitions with the 
obſerved ſtate of the magnetic needle on the 
earth. Little progreſs has been made with theſe 
on account of the imperfection of their conftruc- 
tion; one has, however, been invented by 
Mr. Magellan, which bids fair to be of real uſe, 
in diſcovering the laws by which theſe myſte- 
ripus properties are regulated, It will be found 
that moſt of the phcenomena attending the di- 
rection of the needle, correſpond to what hap- 
pens to a needle placed on the Terella. 
About the year 1722 and 1723, Mr. George 
Graham made a great number of obſervations 
en the diurnal variations of the magnetic needle. 
In the year 1950, Mr. Wargentin took notice 
of the regular diurnal variation of the needle ;. 
and alſo of its being diſturbed at the time of 
an aurora borealis. About the latter end of the. 
year 1756, Mr. Canton began to make obſerva- 
tions on the variation, and 17 59 communi- 
cated the following valuable experitnents to the 
Royal Society. 
The obſervations were ds by kim for 80 3 
days, on 574, out of theſe, the diurnal varia- 
tion was regular. 'The abſolute variation of the 
needle weſtward, was encreaſing, from about 8 or 
9 o'clock in the morning, till about 1 or 2 in 
the afternoon, when the needle became ſta- 


tionary 
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tionary for ſome time; after that, the variation” 
weſtward was decreafing, and the needle came 
back again to its former ſituation in the night, 
or by the next morning. | 


. kunnt variation is irregular when the 
needle moves ſlowly eaſtward, in the latter part of 
the morning, or weſtward in the latter part of 
the afternoon ; alſo when it moves much either way 
after night, or ſuddenly both ways in a ſhort time. 


Theſe irregularities ſeldom happen more than 
once or twice in a month, and are always ac 
companied with an aurora borealis, 

The attractive power of a magnet will de- 

creaſe while it is heating, and encreaſe while 
it is cooling; the greater the force of the ſame 

magnet, the more it will loſe in a given dey 


EY el ben. 


EXPERIMENT J. 


1 ENE from a aſs a little more 


than three inches in diameter, Mr. Canton 
placed a ſmall magnet two inches long, half 


an inch broad, and three-twentjeths of an inch 
thick, parallel to the magnetic meridian ; and at 
fuch a diſtance, that the power of the Bock end 
of the magnet was but juſt ſufficient to keep the 
north end of the needle to the N E point, or 


to 4 5 degrees, 


The 


c * 
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The magnet being covered by a braſs weight 
of ſixteen ounces, about two ounces of boiling 
water was poured into it, by which means the 
magnet was gradually heat for ſeven or eight 
minutes; and during that time, the needle 
moved about three quarters of a degree weſt- 


ward, and became ſtationary at 44* 33 in nine 


minutes mave, it came back a quarter of a de- 
gree, or to 44 J; but was ſome hours before 
it gained its former MUS, and ſtood ar 
4 59 


EXPERIMENT I. 


On each fide of the compaſs, and parallel to 
the magnetic meridian, he placed a ſtrong mag · 


net, of the ſize above-mentioned ; ſo that the 
ſouth ends of both the magnets acted equally 
on the north end of the needle, and kept it᷑ in 
the magnetic meridian ; but if either of the 
magnets was removed, the needle was attracted 
by the other, ſo as to ſtand at 45 degrees, The 
magnets were both covered with braſs weights 


of fixteen ounces each, Into the eaſtern weight 
about two ounces of boiling water was poured ;. 
and the needle in one minute moved half a de- 
gree; and continued moving weſtward for about 


ſeven minutes, when it arrived at 20 2. It was 


then ſtationary for ſome time; but, in twenty, 


four minutes from the beginning, it came back 


£0 2 93, and in fifty minutes to 2 f, He then 
filled 
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filled the weſtern weight with boiling water, and 
in one minute the needle came back to 10 4; in 
fix minutes more it ſtood half a degree eaſt- 
ward; and after that, in about forty minutes, 
It ried to the magnetic north, or its firſt 
fituation. 

It is evident, that the magnetic. parts of the 
earth in the north on the eaſt fide, and the mag- 
netic parts of the earth in the north on the weſt 
fide of the magnetic meridian, equally attract 
the north end of the needle. If then the eaſtern 
| magnetic parts are heated faſter by the ſun in 
the morning, than the weſtern, the needle will 
move weſtward, and the abſolute variation will 
encreaſe ; when the attracting parts of the earth 
on each fide of the magnetic meridian have their, 
heat encreaſing equally, the needle will be ſta- 
tionary, and the abſolute variation will then be 
greateſt; but, when the weſtern magnetic parts 
are either heating faſter, or cooling ſlower than 
the eaſtern, the needle will move eaſtward, or 
che abſolute variation will decreaſe ; and when 
the caſtern and weſtern magnetic parts are cool- 
ing equally faſt, the needle will again be fta-, 
tionary, and the abſolute variation wil they be 
leaſt. This may be till further illuſtrated, by. 
placing t the compaſs and two magnets, as in the 
laſt experiment, behind a ſcreen near the middle 
of the day in ſummer; then, if the ſcreen be 
ſo moved, that the ſun may ſhine only on the. 
AD net the needle wil ſenſibly vary in 


its | 
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its direction , and move towards the weſt ; and 75 
if the eaſtern magnet be ſhaded, while the ſun 1 
ſhines on the weſtern, the needle will move the '$ 
Contrary way: By this theory, the diurnal va- 'F 
riation in the ſummer ought to exceed that in 
the winter; and we accordingly find by obſet- 


vation, that the diurnal variation in the months 1 

of June and July, is almoſt double that of De- 1 

cember and January. a i | 
- 


The irtegular diurnal onctution ana ariſe 
from ſame other cauſe than that of heat com- , 
municated by the ſun; and here we muſt have 
recourſe to ſubterranean Heat, which is gene- 
rated without any regularity as to time, and 
which will, when it happens in the north, af- 
fect the attractive power of the magnetic parts 
of the earth on the north end of the needle: | 
The Reverend Dr. Hales has a good obſerva- 
tion on this heat, in the Appendix to the ſecond 4 
volume of his Statical Eſſays, which I - ſhall 2 
here tranſcribe: * That the warmth of the 4 
© earth, at ſome depth under ground, has an 14 

“s jnfluence in promoting a thaw, as well as 
© the change of the weather from a freezing to 

a thawing ſtate, is manifeſt from this obſer- 
vation; viz. Nov: 27, 1731, a little ſnow” 
having fallen in the night, it was, by eleven 
e the next morning, moſtly melted away on 
de the ſurface of the earth, except in ſeveral 
% places in Buſhy-Park, where there were 

t drains dug, and covered with earth, where 
* the 
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t the ſnow continued to lie, whether thoſe 
<c drains were full of water, or dry; as alſo 
* whete elm-pipes lay under-ground; a plain 
« proof that theſe. drains intercepted the 
_ © warmth of the earth from aſcending from 
« greater depths below them; for the ſnow lay 
% where the drain had more than four feet 
te depth of earth over it. It continued alſo to 
« he on thatch, tiles, and the tops of walls.“ 
That the air neareſt the earth will be moſt 
warmed by the heat of it, is obvious; and this 
has frequently been taken notice of in the morn- 
ing, before day, by means of thermometers 
at different diſtances from the ground, by the 
Reverend Dr. Miles, at Tooting; in Surrey; 


and 1s mentioned in p. 526, of the 48th volume 


of the Philoſophical Tranſactions. 

The aurora borealis, 'which happens at the 
time the needle is diſturbed by the heat of the 
earth, is ſuppoſed to be the electricity of the 
heated air above it; and this will appear chiefly 
in the northern regions, as the alteration in the 
heat of thoſe parts will be greateſt. This hy- 
potheſis will not ſeem improbable, if it be con- 
ſidered, that electricity is now known to be the 
cauſe of thunder and lightning, that it has been 
extracted from the air at the time of an aurora 
borealis; that the inhabitants of the northern 
countries obſerve the aurora to be remarkably 
ſtrong, when a ſudden thaw happens after ſe- 
vere cold weather; and that the curious in theſe 

matters 
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matters are now acquainted with a ſubſtance, 
that will, without friftion, both emit and ab- 
forb the electrical fluid, only by the encreaſe 
or diminution of its heat : for if the Tourmalin 
be placed on a plane piece of heated glaſs, or 
metal, ſo that each fide of it, by being perpen- 
dicular to the ſurface of the heating body, may 
be equally heated, it will, while heating, have 


the electricity of one of its ſides poſitive, and 


that of the other negative ; this will likewiſe be 
the caſe when it is taken out of boiling water, 
and ſuffered to cool; but the fide that was pofi- 
tive while it was heating, will be negative while 
it is cooling, and the fide that was negative, 
will be poſitive. 
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